A Survey on Internet Topology Inference by Malli, Mohammad et al.
HAL Id: inria-00070568
https://hal.inria.fr/inria-00070568
Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
A Survey on Internet Topology Inference
Mohammad Malli, Chadi Barakat, Walid Dabbous
To cite this version:
Mohammad Malli, Chadi Barakat, Walid Dabbous. A Survey on Internet Topology Inference. [Re-
search Report] RR-5439, INRIA. 2004, pp.44. ￿inria-00070568￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
54
39
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
Thème COM
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A Survey on Internet Topology Inference
Mohammad Malli, Chadi Barakat, and Walid Dabbous
N° 5439
December 2004
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
  	
	
 !"#%$&#'
(*),+.-0/1/1-324(4-35656798;:<+.-027#=>-3?@-3AB-0CD8.-0E2GFH-3567624IJ-0KK&)3LM
NOQPSR<TVUWYX[Z]\D^`_ba9PSR<T@_cedfR<RVgQhQijcklhfam_
n.opdrqsTanutvklhQPeapT
w#klxQx0dfoba#y`TopTScmOBTomcmOQTzh3{.|r}f~lZTScTRV0TSorfr}Z}l}>xBkrfTS_
%S!Qll% h`Topo9ivhQa9OQTVa9dfx0dftdfl^druapOQT  hapTophQTeaYiv_hQdlaYka9opiDijkrtapkl_9y`gQTVa9d%a9OQT<ivR<R>TShB_bT
_pckltTdl&apOQT  ha9TSo9hBTeaS"iap_cdlha9ivhDgQdlg0_YTldftgQa9ivdlhkrhByiap_Vy`iv_ba9opivQg`a9T@ykly`R>ivhQij_sapopkra9ivdlh a	a9OQT
_pkrR>TYapiR>Tl0a9OBT	ihQTopThBcT	dra9OBiv_#a9dlx3dltvdlf^ij_dr.xBklobapivcgQtjkro#ivR>x0dfobamkrhBcTYdlo¡hBTeas¢dlopdlx3Tomk!apdlom_
klhBygB_9Tom_S  a>lgBklopklhfapTT@_	krh£T¤ceivThaVdfx0TSopkra9ivdlhdr¡a9OQT%hQTeas¢dlopklhBy£k0Taba9TSo<a9gQhQivhQdr#iap_
xBo9dla9d`cedftv_krh0yVklxQxQtvivcSk!a9ivdlh0_"¥QdloapOQij_.o9T@kl_9dlh!¢T_bgBo9fT^ivhVapOQij_.¢&dfo9YapOQT3dDyQ^	dr3a9OQTtvia9Tomk!apgQopT
apOBk!a#y`T@krtj_¢i¦apO  ha9TSo9hBTeaa9dlx3dltvdlf^ihQTopThBcTl§Tctvkf_9_9i¦^>apOQTY¢&dfo9`_&Bkl_9TSydlha9OQTSio3TtvdlhQfihB
apdTSi¦apOQToapOQTklcea9ivlTdloxBkl_p_9ifT&krxBxQo9dklcmOklhBy	¢TxQopd!ijy`Tk¨_9gQR>Rkrop^YdrBapOQTRkrivhVR>TSkf_bgBo9TSR<TSha
apdDdltj_iha9OBiv_©0Ttjy
ª«¬,­p®¯ !°"l± ha9TophQTa;a9dfx0dftdfl^flR>TSkf_bgQopTR>TShfa;a9dDdltj_Dklcea9ivlT¡klxQxQopdfkfcmOQTS_SrxBkf_9_9ifT#krxQxBo9dklcmOQT@_
²;³µ´@¶¸·¹,º¼»¾½¡¶¸··À¿ÂÁÂÁrº¼»ÃÀÄsÅYÆeÇ¡È"É¸ÊbËpÃ¾ÄbÉ¿ÂÌÂÅÂÄs»µÍ¼»ÀËmÌeÃÌ¿ÂÎÆrÄs»6ÄbÅÏ6Ð@ÑÒmÓ@Ô ÕmÖÂÔ
  Y%0	s  
 S "#%$&%  "		% 	 	""%
    ScdlgQDopiotjka9dfx0dftdflivTyQTut  ha9TSo9hQTah TS_baxBkl_gBhQT.a fcmOQT!DijyQkrhapT"fo fceT!"t# ivR>R<TShB_9T
amkrivttvTy`Tt#  ha9TSo9hBTeaS0_9k$fdltvg`a9ivdlhJcedfha9ivhgBTl`Tea¡_pk>kly`R>ivhQij_sapopkra9ivdlh%yQiv_ba9opiBg%Tf'&.hR)(R>TYa9TSR<x0_
t# ih`*So9TShBceT<y`TcTeabapTapdlx3dltvdlfiTT@_saYy ivR>x0dfobamkrhBcTxBklobapivcgQtviPSo9Tx3dlgQoYy`T@_¡dfx+Sopkra9TgBop_Ta¨y`T@_¡gQa9ivt-,
ij_pk!a9TSgQom_µy`T&o.@_bT@krg/&uttvT&kromkrha9iaµgQhBT;dlx0omk!apidfhTe¤ckfceT;yQgo S_9TSkrgTagQhBT&R>TivtvtTSgQodfx`a9ivR>iv_pk!apidfh
yQT_9TS_&xQo9dla9d`cedftT@_uTaklxQxQtvivcSk!a9ivdlh0_n"dlgQoceTaba9T¨omkrij_bdfhfhBdlgB_&T1QkrR>ivhQdlh0_;yQklhB_ceT#apopkÂ!klit3tT¨cedfo9xB_
yQTtvkYtvi¦a9a.Sopkra9gQopT32fgBi`a9omkria9Tt# ivh`*So9TShBceT#y`Tapdlx3dltvdlfiTy  ha9TophQTaS54#dlg0_ucetjkl_p_bi©BdfhB_ceTS_.a9omkÂÂklg61TSh
yQTg61xQopivhBceivxBkrg%1cSk!apTldfo9ivTS_;tT@_krxQxQopd`cmOQTS_klcea9ivlTTeatT@_krxQxQopd`cmOQTS_;xBkl_p_9ifT¡TeahQdfgB_;dlgQophQij_9_9dlhB_
gBhJ_9dlR>RkrivopT¨y`T@_xQopihBcix0krg61dfg`a9ivtj_#y`TYR>TS_9gQo9TyQklhB_ceT	yQdlRkrivhQTl
7 ¯ @ ­ 8   a9dfx0dftdflivT¨yQTt  ha9TophQTaS`dlgQa9ivtv_#yQT¨R>T@_bgQopTlQklxQxQopd`cmOQTklc¼api¦s0krxQxQopd`cmOQT¨xBkl_p_bivlT
 	
 
 V	"#	
 S ¯ °r ¯  
 7 ¯ Q` ¯   
 ¯;¯ 8 ¯! 0¬  #" «  «   «    Ql$ «  « Q µ «  %
~B'&  cea9ivlTYR>TSkf_bgQopTR>TShfaapddftv_ Y¨YYYY¨YYYY¨ (
~B   cea9ivlT #xBxQo9dklcmOQT@_ YYY¨YYYY¨YYYY¨)&@
~B Q'& *¡_9ihQ<apopkfceTopdlgQa9T¨xQo9df0T@_ ¨YYYY¨YYYY¨)&@
~B Q  *¡_9ihQ,+krhBy`Rklo9klxQxQopdfklcmOYYYY¨YYYY¨)&S}
~B Q ~ \DToplTSo_9TtvTScea9ivdlhJkrxQxBo9dklcmOQT@_±YYYY¨YYYY¨)&@
  ¯!u¯ 8 ¯ 0¬  -" «  «   « µ   . Q@$ «  « Bµ «   
}0'& nkf_9_9ifTR>T@kl_9gQo9TSR>Thaa9dDdltj_YY¨YYYY¨YYYY¨ f|
}0  nkf_9_9ifT¨ ¡xQxQopdfkfcmOQTS_YYYY¨YYYY¨YYYY¨[~
}0 Q'& *¡_9ihQ,/10Yn YYY¨YYYY¨YYYY¨[~
}0 Q  *¡_9ihQN¡Un a9omk!¤c Y¨YYYY¨YYYY¨[~f
2  ¯  	8 µ ¯  -
  ,  

 ," J$;eV
NOBT¢dloptvyQ¢ivy`T¡ihBco9T@kl_9ihB	hDgQR3Todr  hfapTophQTeagB_9Tom_&klhByhQTas¢&dfo9`_;R>kllT@_.a9OBT¡apdlx3dltvdll^>dla9OQT
 hapTophQTeauR>dlopTkrhByVR>dlopTcedlR>xQtvT1 GODgQlThDgQRV0TSoudr3o9dfg`a9TSop_ij_.ivhB_samkrtvtT@y<ih<a9OBTBklcmD3dlhQTkrh0y
T@y`lT@_;dlµapOQT  hapTophQTeaihdlomy`TSo;apdVxQopd!DivyQTkVOQifO%y`TSlopTTdrcdlhQhQT@c¼apiDias^0Tas¢&TSThapOQTy`i3TSo9TShfa
hBdDyQTS__9xQopTSkly d!lTSo>a9OQTftdf0T6Tl BvThBy OQd_sam__9ToplTom_¼ /TS_9ivyQTS_SyQifi¦amkrt¡cdlha9TShfam_>0T@cedfR<T
_9OBklo9T@y0Tas¢&TSTh1a9OQT  ha9TophQTa<gB_9Tom_>krhBy _sapdlopTSyivh1opTxBtijckra9TSy _bTSo9fTom_y`ij_ba9opiQgQa9TSy klco9d_9_a9OQT
 hapTophQTeaivhdfopyQToa9d>ivR>xQo9d!fT¨a9OQT	dD\d
3TSo9T@yapd>a9OQTgB_9Tom_krh0yapdxQo9d!Dijy`TYk>OQifOkÂ!klitjkrQivtvi¦as^
dl&yQkrapkQNOQT<opTxQtvivcSk!apidfh dr&yBk!apkd!lTSoy`i3TSo9TSha¨RklcmOBihQT@_¡RkllTS_¡a9OBT<cmOQdfivcTdl;i¦am_¨td`ckra9ivdlhk
cmO0krtvtTShQlivhQ<xQo9dfQtvTR apOBk!a#opT 2gQivo9T@_kVDhQd!¢tvTSyQlT¨dr"a9OQTYapdlx3dltvdll^>apd>R>kllTYia#dlx`apiRkrtÀ
 ha9OQij__bgQoplTS^ldlgQokrivRHiv_&apdgQhByQToptivhQTa9OQT¨RkrivhkrxQxBo9dklcmOQT@_uxQopdlx3df_9TSy>ivhapOQTtvia9Tomk!apgQopT#a9d
ivh`TSoµapOQT;apdlx3dltvdlf^dl`a9OQT  ha9TophQTakltdfhQ#¢ia9O	apOQTuapdDdltj_µgB_9TSy	dlo"R>TSkl_9gQopTR>Tham_§Ty`iv_pceg0_9_µa9OQT
gQa9ivtias^dlµa9OBTS_9T	krxQxQopdfkfcmOQTS_ dfoa9OQTTShBygB_9Tom_  \`n;_QTapcl <krh0yapOQTivoivR<x0klc¼a#dfhapOQThQTas¢&dfo9,
NOQThBTeas¢dlop	Tha9ia9ivTS_ugB_bT@y<ih>apOQTdltvtd!¢ivhQy`ij_9cgB_p_bivdlhB_.klo9Ti. ¡g`a9dfhQdlR>dlg0_;\D^`_sapTR6 \¼
¢OBivcmO iv_>kcedltvtvTSc¼apidfh£dr¨o9dfg`a9TSop_VgQhByQTok_9ivhQltvT%kfy`R>ihQij_ba9omk!a9ivlTkrg`apOQdlopias^lugB_9ivhQkcedfR>R<dfh
 hapTopidfo 0Ykra9T¢kÂ^n.opdra9d`cdlt"dloYopdlg`apihQxBkfcmlTeam_ivi  ha9TSo9hBTea\DTopDivcT<nuo9d!Dijy`To  \`n¼ij_¨a9OQT
hBTeas¢dlopR>klhBkrfTokrhBy<klyQR<ivhQij_sapopkra9dfo"¢OBd¨xBo9d!Dijy`TS_a9OBT  hfapTophQTeaukfcceT@_9_apdYk¨xBkloba.dfoklttDapOQTTh0y
g0_bTSop_"dr,kYceTo9apklih> \iviin"TTo.,Àa9d , n"TTSo"hBTeas¢dlopTl Bv
k
Sklk¼f¢OQTopT&x3TTSop_3TO0kÂlTkl_cetvivThap_
klhBy_9ToplTSop_S6iU&dlhapThaij_sapo9ivQg`apidfh4#Tas¢&dfo9 U4¼`¢OQTSo9TYcetviTShaopT 2gQT@_sam_klo9T¡dlop¢klopyQTSy
D^ opT 2gQT@_saopTSy`ivopTSc¼apdlom_klhBy¢OQTopT<a9OQTcedfha9Tham_kropT<_ba9dfo9T@yivhR<ivopo9dfoY_9ToplTSop_lTSdlfopklxQOQijckrtvtv^
yQiv_ba9opiBg`a9T@y1d!fToVa9OQT  ha9TSo9hQTaSGXkrhD^£cdlR>xBkrhBiT@_&tivlTJ #!krRklil&xQopd!DivyQTJU 4¡_>apdcdlha9TShfa
xBo9d!Dijy`Tom_ #WfToptvkÂ^hQTas¢&dfo9¢OBivcmOiv_¡kVx3TTSo,Àa9d,Àx3TTSohQTeas¢dlopdlo#kU 4 hQTeas¢dlop,
 h`TSo9opivhQ1apOQT  hfapTophQTeaa9dfx0dftdfl^GkrivR_%a9d cedlh0_sapo9gBceaJk hQTas¢&dfo9 Rkrx a9OBkraijy`Thapi¦©BT@_a9OQT
cdlhQhBTSc¼apiDias^3Teas¢TTShcTo9apklihhQTas¢&dfo9 TSha9ia9ivTS_klhBya9dcmO0kromklc¼apTopiSTapOQTx3To9dlopRkrhBcT<dfha9OQT
x0k!a9O0_;krR>dfhQYa9OQT¡Tha9ia9ivTS_&dr,a9OBT¡cedfhB_sapo9g0c¼a9T@y>Rkrx  hQTas¢&dfo9VRkrxy`T@_9co9iv0T@_a9OBT¡hQTas¢&dfo9 6i
kra.a9OQTopdlgQa9To.tvTfTt`dfo;k¨xBkro9a9ijcegBtvklo  \`ndlodfo;krtvt`a9OBT  hfapTophQTea@6ii.k!a.apOQT# #gQa9dlhBdlR>dlgB_&\D^`_sapTR
¾ \¡tvTlTStµ¢OQTSo9T	a9OQTVxQgQopx0d_bT	ij_¡a9dijy`TShfapi¦^apOQTVcdlhQhQT@c¼apiDias^%3Teas¢TTSha9OQT<y`i3TSo9TShfaY \`_¨krh0y
apd cmOBkromklcea9TSo9iT<a9OBTx0TSobdfo9RklhBceTdfhapOQTx0k!a9O0_	krR>dlhBJa9OQTSR!6iivik!aapOQTd!fToptvkÂ^hQd`y`TtvTfTt
¢OBTopTYa9OQTxQgBo9x3df_9Tiv_a9dcetvgB_ba9TSoa9OQTd!lToptjkÂ^<hBdDyQTS_dfoa9dcmOBklopkfc¼apTopiST¡apOQT	xBkra9OB_apOBk!a¡cdlhQhBTSc¼a
apOQT	y`i3TSo9TShahBdDyQTS_dl"krhd!lTSo9tjkÂ^Tf 0QxBo9d 1`ivTS_STShByOQdf_baSQ_9ToplTSoSDTapc"e
4¡dDyQTS_.dl3krh  ha9TSo9hBTea.RkrxkropTctvkf_9_9i©BTSyVD^	a9OBTivo.xQo9d 1`ivR>i¦as^apdYTSklcmO<drapOQTo@NOQTtdklyVdlh<a9OQT
hBdDyQTS_#Tf 0_bTSo9fTo¨tdklyopdlgQa9TocdlhQfTS_ba9TSyTeapcl  cklh3TcedfhB_bijy`TSo9T@ykl_Y¢TtvtÀ+µihQ`_Y3Teas¢TTSh
apOQT#xBklio;drhQd`y`TS_uhQTT@y<a9d	3T¡cmOBklopkfc¼a9TSo9iT@yD^a9OQTSioy`TtjkÂ^lkÂÂklitjkrBtTBklhBy`¢ijyDa9Otvdf_p_.opkra9TflTeamcr
$&%(')'*+-,),/.).).01324(2)250768&9
: %(')'*+-,),/.).).02;132<9=2?>
0768&9
 7 ¯ Q` ¯   
NOQTSo9T	klo9Tas¢d<RklihkrxBxQo9dklcmOQT@_&dloivh`Topo9ivhQ<a9OBT  hfapTophQTeaapdlx3dltvdlf^ "apOQT	klcea9ivlTkrxQxBo9dklcmO
klhByapOQT<xBkl_p_bivlTVkrxQxQopdfkfcmOYNOQT<kfc¼apifTVkrxBxQo9dklcmOij_¨Bkl_9TSydfh_9ThByQihQR>TS_p_9kllT@_ Tf 0  UXn
T@cmOQd¡R>T@_9_pkrfTS_krR>dfhQ¡hQd`y`T@_6Tl BvrTh0y	OQd_sam_!xQopd 1`iT@_ÂTapcr ivhdfopyQToa9d¨ih`TSo"a9OQTa9dfx0dftdfl^¨dr0k
hBTeas¢dlop3" c¼apifT#xQopdlQivhQ	cklh0TgB_9TSy<a9dih`TSo;apOQTapdlx3dltvdll^VdrµklttBa9OQT  hapTophQTea@fdlk	xBkro9a9ijcegQtjkro
 \Qndfoudrk¨xBkro9a9ijcegBtvklou \,  ackrh>krtj_9d¨3T#gB_9TSyVdfoucmOBkromklcea9TopiivhQ¡apOQTxBkra9OB_uklR>dlhQYdlhBTd!lToptjkÂ^
hBdDyQTS_	kf_¢&TStt&kl_YapOQTx3To9dlopR>klhBceTdl&apOQTS_9TxBkra9OB_SJNOQTxBkl_p_9ifTkrxQxQopdfkfcmOxQopd!DivyQTS_YhQTas¢&dfo9
apdlx3dltvdlf^ivh`TSo9TShBceTJ¢ia9OQdfg`aih!qsT@c¼apihQhBT¢ x0klcmlTap_ xQopdlBihQxBkfcmlTeam_;ivhfapda9OQTJhQTas¢&dfo9,  a
cdlhB_9ij_sam_dlivh`TSo9opihB%apOQT>a9dfx0dftdfl^D^ dfB_bTSo9DivhQ%a9OQTyQkrapk%a9omk!¤c>ceivomcegQtjk!apihQivhapOQT  ha9TSo9hQTaS
D^£tvdDdlDivhQkra>a9OQTopdlg`apihBamkrQtvTS_6Tl Bv /10Yn o9dfg`a9ivhQapklQtT@_;e&dfo>^1dlB_9TopDihQa9OBTJcdlha9opdlt
R>T@_9_pkrfTS_ceivopcgQtjk!a9ivhQ<0Tas¢&TSThJopdlg`apTom_
NOQTo9T@_sa%dra9OBiv__bgBo9fT^1ij_%dlopfkrhBiSTSy kl_dfttvd!¢#_S  hGa9OQThQT1DaJ_bT@c¼a9ivdlhµ¢&TxQo9T@_bTShaa9OQT
R>dla9ivÂkra9ivdlhB_;a9O0k!aklo9T¡0TSOQih0yivh`Topo9ivhQa9OQT¡a9dlx3dltvdlf^l"§T¨d!lTSo9DivT¢ ihJ\DTScea9ivdlh~B Ya9OQTYy`i3TSo9TShfa
¢dlop`_iha9OBT	tia9TSopkra9gQopT¨a9OBkra©Qa#¢ia9OQivhJa9OQT	kfc¼apifTYklxQxQopdfkfcmOdlo¡ih`TSo9opivhQ<a9OQTYapdlx3dltvdll^%krhByivh
\`TSc¼apidfhJ}B¸<¢&T	d!fTopDiTS¢Ga9OQd_bTYapOBk!a¡©Qa¡¢ia9OQivha9OBT	xBkl_p_9ifTYklxQxQopdfkfcmO;¥"ih0krtvt^fB¢T	xQopTS_9Thaa9OQT
cdlhBctg0_bivdlhB_ivh \DTScea9ivdlh|`
  YeY 
YhBd!¢ihQa9OQTa9dlx3dltvdlf^%dlua9OBT  ha9TSo9hQTaij_¨iha9TSo9T@_sapihBo9dfR[y`i ,TopTha_samkrhByQx0dfihap_" i¨ #h  \`n
cSkrh	g0_bT;a9OQij_µivh`dfo9Rk!apidfhdlo"k#3Tea9a9To.cdlha9opdltrdlBiap_hQTeas¢dlop¨klhBy	k¡0Taba9TSo"cdlhQhBTSc¼apiDias^¨a9d¡dla9OQTSop_
 \Qnu_Tl Bv d\ iv_p_9gQTS_¼ 6ii¨  y`ivliapklt.cedlhapThaY_9TopDivcTxQopd!DivyQToYckrhgB_bT<apOQiv_¨ivh`dlopRk!apidfhdlo
k<3Tea9a9To#_9TopDivcT¨a9d>i¦am_gB_9Tom_ 6iivi  hapTophQTeagB_9Tom_cklh%xQopdr©Ba&opdlR apOQTYa9dfx0dftdfl^dlµa9OBT  hfapTophQTea
dfo¨k%3TeabapTotvdDdlDgQxdfo¨opTS_9dlgBopcTS_S 6i¡o9T@_bT@kromcmOQTom_#cklhkltv_9dxQopdr©BaopdlR apOQiv_¨ivh`dlopRk!apidfhdlo
_ba9g0y`^DihQa9OBTTSldftg`apidfh£dra9OQT  ha9TSo9hBTeakrhBy£dlo>dl`amkrivhQivhQR>dfo9T%o9T@krtviv_ba9ijc%_pceTShBkropivdf_	ivh a9OQTSio
opTS_9TSklopcmO_sapgBy`ivTS_klhBy%a9op^a9d_9dltvlTa9OBTklcea9gBkltxQo9dfQtvTR__bg0cmOJkf_a9OQd_bT	cdlhBcTophQivhQapOQThQTas¢&dfo9
xBo9dla9d`cedftv_3TOBkÂDivdlo@
 h`TSo9opivhQJa9OQTa9dlx3dltvdlf^xQopd!DivyQTS_YRkrhD^OBihap_	dloklh  \`n"_9gBcmO£kl_" 6i #hBklt^ivhQopdlg`apihB
xBo9dla9d`cedftv_.klhBy  ha9TophQTa;o9dfQgB_ba9hQT@_9_.klhBy>opTS_9itviTShBceTf" _;klh<T 1QkrR>xQtvTdlo.apOQij_.©Bom_sackl_9Tlf¢&ThBdra9ijceT
apOQTxQopdr©Bao9dfR krhT¤ciTShahQTeas¢dlop ,ÀtjkÂ^lTSoopTS_ba9dfopkra9ivdlh Yapd _b¢iapcmO£_9Th0y`ihBxBklcmfTeap_¨opdlR dlhQT
ivha9TSob6kfceT<a9d klhQdrapOQToBkf_bT@ydlhceTSobamkrivhco9ia9TSo9ijkJ_bgBcmOkf_	kJtivhQxBkrhQijcrdlok dD\yQTlomklyBk!a9ivdlhµ
6ii;0Taba9TSocedlhBhQTScea9ivdlhB_&¢i¦apOapOQT¨dra9OBTo  \`nu_SQkrhBy_9Tea9a9ivhQ/ 0Yn1o9dfg`a9ivhQapkrBtT@_ ivivi&DhQd!¢ivhQ	i
apOQT dD\d
3TSo9T@y^khQTSifO3dlo  \Qnu_apdk>livlTSh  \Qn iv__9kra9ij_s©BT@y 6iy`ij_pced!lTSo9ivhQ<a9OBT	xQopTe©%1`TS_
¢OBivcmO klo9TopTS_9x0dfhB_9iQtvT dlk£hQTe6klo9ivdlgB_0TSOBkÂDidfo_bg0cmO kl_kx0k!abapToph k!a9apklcm,#klhQdlRkrtvivTS_STapcl
kltdfhQ¢ia9ODhQd!¢ivhQapOQTtvd`ckra9ivdlhB_krhByJapOQT  \Qnu_¡dl.a9OQT@_bTVxQopTe©%1`TS_S dfo¡apopkr¤c	ThQfihQTSTopihB
%  ,  

xBgQo9x3df_9T¡ivhB_9ivyQTkrh  \`n3 _&hBTeas¢dlop3 ¡_krhT1QkrR>xQtvT#dfo;apOQiv_tjkl_bacSkl_9Tl¢&ThQdrapivcT#a9OBTxQopdr©Ba;opdlR
tvd`ckra9ivhQ	gQhQxBtT@kl_pkrha;x3dlivhfam_&klhBykÂfdlijyapOQTR D^<o9T ,ÀopdlgQa9ivhQYa9omk!¤capOQopdlgQfOkrhQdla9OQTSo;xBkra9OivhB_9ivy`T
apOQThQTas¢&dfo9,
 ¡tv_9dB!ivh`TopopihQ#a9OQT;a9dlx3dltvdlf^RkÂ^¨xQopd!ijy`TuRklh^¨OQivhap_µdlok#y`ivliapkrtDcedfha9Tha_bTSo9DijceTuxQopd!DivyQTo@
_9gBcmO kl_"i<0TabapToy`ij_ba9opiQgQa9ivdlh drYi¦am__9ToplTom_>klco9d_9_a9OQT  hapTophQTea@fifTh a9OQTfTdflomkrxQOQijcklt
yQiv_ba9opiBg`a9ivdlhdr.cetviTShap_¢OQdkropTYo9T2gQTS_ba9ivhQVa9OQT	_9TopDivcTl ivi0Taba9TSo#y`ij_sapo9ivQg`apidfhdl¢TJxQopd 1`iT@_
klhBy3Tea9a9To<x3dltvivciT@_	apdxQgB_9O yQdDcgQR>Thap_<krh0ygQx,yQk!apTapOQT%cdlha9TShfa<dr¡cSklcmOQT@_!iviviVklyÂqsg0_sa<a9OQT
_ba9opgBcea9gQopihB£drVklh d!lTSo9tjkÂ^£hQTas¢&dfo9 a9d ThQO0krhBcT a9OBTx3To9dlopRkrhBcT dr	apOQT apopklhB_9R<ij_p_bivdlh 6i
3Tea9a9TSo#o9T@y`ivo9T@c¼a9ivdlh%dr.cetviTShap_a9d>apOQTY0T@_sa¡_9ToplTSoOBkrhByQtivhQ<a9OQTopT 2gQT@_sapTSy%ihQdlopR>kra9ivdlh
/TS_9ijy`TS_Sfivh`TSo9opihB	a9OBT¡apdlx3dltvdll^<RkÂ^VxBo9d!Dijy`T#RkrhD^>OQivhfam_udfoklh  ha9TSo9hQTa&gB_9To@D_bgBcmO%kl_" 6i
ijy`TShfapi¦^a9OQT3TS_baV_9ToplTSo¡apd y`d!¢hQtvdfklykJcedfhfapThaihx3dlivha,Àa9d , x3dlivhfa	dfoYa9OQT3TS_baceTSobamkrivh_9Tea	dl
_9ToplTSop_apdJyQd!¢hQtdklya9OQTcdlha9TShaYivhxBklopklttvTtÀivi¨ihn"TTSo,Àa9d, n"TTSoYhQTeas¢dlop,hQd`y`TS_ckrhxQopdr©Qa
opdlR a9OQTYapdlx3dltvdlf^a9dctgB_ba9TSoa9OBTR_bTStfTS_ivh krhJT¤ciTSha#¢kÂ^apOBk!a#R>ivhQivR<iT@_apOQT	tvddfDgQxapiR>T
dfo¨kcedfha9Tha@ 6iivi¡ijy`TShfapi¦^kcetvivTha¨x3df_9ia9ivdlhivhklh  ha9TSo9hBTeacedDdlomy`ivhBk!apT_b^`_ba9TSR 6i¡ivyQTha9i^
apOQT#3TS_ba  ha9TSo9hBTea&kfcceT@_9_u¢OQTh>apOQTopT¡kropTRkrhD^<dlhQT@_ RVgQta9i ,ÀOQdfR>TSy>RklcmOQivhQT=¼ dlxQa9ivR<iT¡a9OQT
x3To9dlopRkrhBcT;klcmOBiTSlTSy	^YTShBy ,Àa9d , Th0yxQopdra9d`cdltj_Tf 0ryBk!apkcedfttvTScea9ivdlh	xQopdrapd`cedltj_,D^YcdlhB_9ijy`TopihB
apOQTYa9dfx0dftdfl^klhByapOQT	cmOBklopkfc¼a9TSo9ij_ba9ijc_&dr"a9OQTxBkra9OB_ivha9OQThBTeas¢dlop3
  	Ve	
 % !#%$   S 	$;e	3%1
Nd yQTS_pceopi3Ta9OBTapdlx3dltvdll^ drk1hQTeas¢dlop,¢&ThQTT@y a9d ihDlTShakrh ih`TSo9TShBceTkrxQxBo9dklcmO ¢OQijcmO
ivhBcdlopx0dfopkra9TS_kJhBTeas¢dlop R>TSkl_9gQopTR>Thaapddft&kltdfhQJ¢i¦apO£RkrhD^dla9OQTSo	ThQfihBTS_6Tl BvklhThQfihQT
dfoR>klhQivxQgQtjk!a9ivhQVa9OQTYdf`apklihQT@yapopkfceTS_&y`Tx3ThByQihQ>dfha9OBTYyQTS_9ifhQTSyih`TSo9opivhQ<klopcmOBi¦apTSc¼apgQopT	6_9TT
¥"ivlgQopT &?e  ha9OBiv_	_9TScea9ivdlhµ¢&Tklo9T<ihapTopTS_ba9TSyD^a9OBTkrxQxQopdfkfcmOQTS_¢OQijcmOklo9T>Bkf_bT@ydfhkfc¼apifT
R>T@kl_9gQo9T@_&dloivh`Topo9ivhQ<a9OBThQTeas¢dlop>a9dfx0dftdfl^l
¥"ivop_baSÂ¢T.0TSlivh¢i¦apO	krhYd!lTSo9DivT¢dfh¨a9OQT;kfc¼apifT.R<T@kl_9gQopTR>Thaa9dDdftv_T 1`iv_ba9ivhQivhYa9OQTutvia9Tomk!apgQopT
apdOBkÂfT%klh1ijy`TSkdlh£apOQTJcmOBkromklcea9Topij_sapivcS_Ya9OBkra>cSkrh 0TR>TSkl_9gQopTSyD^a9OBTJkfc¼apifTa9dDdftv_<krhBy£a9OQT
hBTeas¢dlopR>T@kl_9gQo9TSR>Tha<R>Ta9OQd`y`dftdflivTS_S£NOQTh&¢&Ty`T@_9co9iv3TapOQTJR>klih klcea9ivlTJkrxQxQopdfkfcmOQTS_	dlo
ivh`TSo9opihBVapOQTYhQTeas¢dlopapdlx3dltvdll^¢OBivcmOJy`Tx3Th0y%dfha9OQT	y`T@_9co9iv3TSya9dDdltj_
 
	 !#"$" %
 ¡hklc¼apifT¡apdDdltij_k>_bdl as¢klo9T¨R>dDyQgQtT¢OBivcmOJkrivR_a9dy`T@_9co9iv0T¨apOQT	cmOBkromklcea9TSo9ij_sapivcS_;dl"k<hQTas¢&dfo9
TSha9ias^ D^ ihrqsTSc¼apihBJ_ba9ivRgBtgB_	xBklcmfTeap_ xBo9dfQihBx0klcmlTap_#ivha9da9OBThQTeas¢dlopkrhBya9OQTShR<T@kl_9gQopT
   >r «  « Bµ «  «  < ¯¯ 8 
Observation
  Inference  
Architecture
  Network 
Control 
Data Traffic
Probing
Packets
Network
Measurement
Tool
Measurement
Methodology
is implemented in
is installed in
injects
treated by
describes
  Topology
Messages
Entity
managed by
statistics                        snapshots
¥"ifgQo9T&nklopkfy`ifR dr  ha9TophQTaNdlx3dltvdlf^  h`TopTh0ceT
   ,  

apOQTopTS_9x3dlhB_9TlX krhD^apdDdltj_kropTy`T@_bivlhBTSykrh0yiR>xQtvTR>TShfapTSyapdkfcmOQiTSlTapOQij_xQgBo9x3df_9T_9gBcmO1kl_
apOQTYBkl_9ijc¡apdDdltj_xQihB>klhBya9omklceTSo9dfg`a9Tf"NOBTYcmO0kromklc¼apTopiv_ba9ijc_&R>TSkf_bgQopTSydlh%a9OQTYxBkra9OJ3Teas¢TTh%as¢d
hBdDyQTS_¨ckrh0TVa9OQT<BklhBy`¢ijyDa9Ockrx0klceias^l3apOQT<kÂ!klitjkrQtvT	BklhBy`¢ijyDa9Oµ,a9OQT>klcmOQivT!klQtTBkrhByQ¢ivyDapO
apOQTo9dfgQhBya9opivx£a9ivR>TyQTtjkÂ^l"a9OQTtvdf_p_omk!apTl.krhBya9OQTOQdlx1tij_sa@§ThQdrapivcTapOBk!a>cmOBkromklcea9TopiivhQ
apOQTx3To9dlopRkrhBcTdlhapOQTxBkra9OB_0Tas¢&TSThapOQThQTas¢&dfo9Tha9ia9ivTS_RkÂ^fifTiR>x3dlo9apkrhaOBihap_	dlo
ivh`TSo9opihBVapOQTYhQTeas¢dlopapdlx3dltvdll^f
N"krQtvT&	ctvkf_9_9i¦^%a9OBT	R>df_ba9tv^gB_9TSyapddftv_klcScedlomy`ivhQ<a9dapOQTcmOBklopkfc¼apTopiv_ba9ijc_R>TSkf_bgQopTSyNOQT@_bT
cmO0kromklc¼apTopiv_ba9ijc_kropTYR>TSkl_9gQopTSyx0TSo#xBk!apO%D^_9dlR>T¨a9dDdftv_klhByx0TSoOQdlx opTeTSop_&apd>a9OQT  n tvTlTSt&D^
klhQdrapOQTom_kl_y`T@_9co9iv3TSy%ihN"krQtvT	`
/§cSkrxBkfceias^  µ!klitjkrQtvT /§  cmOQivT!klQtT /§ wdlgBhBy%NopixJNiR>T +µdf_p_ #dfxQtij_ba
BihQ cexQopdl3T  x0TSob QivhQ QihB a9omklcTopdlg`apT
QxQopdl3T hQTa9TS_ba hBTea9T@_sa ctivhQ hQTeapTS_ba
cetvihB xBkra9OQtvdfkfy 4#Ta9x3To9 hQTa9TS_ba xBkra9OBcmO0kro
4#Tea9a9ivR>To xQivx0T@cmOBkro a9apcx xBk!apOBcmOBkro x,cmOBkro
xBkra9OBcmOBklo NwTShQd x,cmOBklo xBix3TScmOBklo
xBkra9OQomk!apT   /¢ & xQivx0T@cmOBkro xQihB
x3cmO0kro xQivhQ
_9xQopdl3T
N"krQtvT,&
uXJd_sapt^g0_bT@yapdDdltj_¢i¦apO%apOQTivo#cmOBklopkfc¼a9TSo9ij_ba9ijc_&R<T@kl_9gQopTSy
n"To., n"kra9O nTSo,#dfx
QihBBQQxBo9df0TfQcexQopdl3TlDa9apcex ctivhQ
 x3To9sQhQTa9T@_sa@4#Ta9x3To9sBNwThBd xBk!apOBcmOBkro
4¡TeabapiR>TSoSQx0k!a9OBtdkly`xBkra9OQomk!apT x,cmOBklo
xQivhQ0Q_bxQopdl3TlDapopkfceTSo9dfg`a9T xQivx0T@cmOBkro
N"krQtvT	5uNdDdltj_cetjkl_p_bi©BTSy%klcScedlomy`ivhQVa9d>a9OBTivoR<T@kl_9gQopTR>Thap_".n"To., nk!apO%dfonTSo,#dfx
XJT@kl_9gQopTR>ThaR>TeapOQd`y`dltvdlfiT@_!krop^£opdlR dfhQTklcea9ivlTapdDdlta9d klhQdrapOQTo%klccdlomy`ivhQa9d1a9OQTSio
cdlhBcTx`am_u¢OQijcmOy`TSx0TShBydlh_9gBcmO0kl_9ivcS_.ThBcdlgQhapTopTSy "!kropivklQtTx0klcmlTa;_biTffx0klcmlTa;xBklio@lxBkfcmlTa
apopklihµxBklcmfTeaxBklio¢ia9Oapklitvfkra9ivhQBµxBk!apO0dd`y`ivhQ0\ +"W¨n&\ À\DTt , +dfkfy`ivhQnTSo9ivd`y`ijc>\Da9opTSkrR_¼
 UX n T@cmOQdB`!klo9ivTSyNN1+u *n xBkfcmlTa¢ia9OJx3dlo9agQhQopTSklcmO0krQtvTl`krh0y%N¡Un _9iRVgQtvkra9ivdlh
 ¡hivha9TSo9T@_sapihQapddft¾"cklttvTSyNµomklcTopdlg`apTlcSkrhxQo9d!Dijy`TVa9OQTgQhBivy`ivopTSc¼apidfhBkrt  n4xBkra9OopdlR iap_
tvd`ckra9ivdlhapd>k<y`T@_sapihBkra9ivdlhkrhBya9OQTYopdlgQhBya9opix%a9ivR>T¨dlµTSkfcmOOQdfx%dfha9OBTxBkra9Ou 4gQhBivy`ivopTSc¼apidfhBkrt
 n x0k!a9Oij_y`T©BhQT@ykf_Ya9OBT  nzy`TDijceT@_Ya9omkÂlTSop_9TSy^  n xBklcmfTeam_¨a9omkÂlTtvivhQo9dfR k_9dlgQomceT<a9d k
yQTS_ba9ivhBk!apidfhk!aYk_9ihQftTx0dfihaYihapiR>TfYNomklceTSo9dfg`a9T	cdlhB_9ij_sam_¡dl;_bTaba9ivhQa9OQT  n NN1+£©BTtjyJopdlR
   >r «  « Bµ «  «  < ¯¯ 8  
&>apd hgQha9ivtuapOQTgQta9ivRk!apTy`TS_ba9ivhBkra9ivdlhiv_o9T@klcmOQT@y%NOBiv_3TO0kÂivdlotT@klyQ_Yapd _bTShBy`ivhQkJxBkfcmlTa
apdTSkfcmOopdlg`apTo	kltdfhQk%x0k!a9O¢ia9OBdlg`akfc¼a9g0krtvt^ DhQd!¢ivhQa9OBTxBk!apO *¡x0dfhopTScTivDihQkJxBkfcmlTa
¢ia9O krh T1`xQivopTSy ¾<NN1+uapOQTOQdfx1lTShQTomk!apTS_>krh  UXnHNiR>T &51QceTSTSy`T@y1opTS_9x3dlhB_9T%0klcma9d
apOQT>_bdfgQopcTl0a9ODgB_¨ijy`Tha9i^DihBapOQTVOBdlxklhBy iap_¨opdlgQh0yJa9opixy`TtjkÂ^l &ukfcmO *¡¨n*xBklcmfTeaij_¨_bTShfa¨a9d
k%OQivlOQtv^hDgQR3TopTSyx0dfoba6xQo9dfBkrBt^ , gQhDgB_bT@y¼_9d%¢OBTha9OQTy`T@_sapihBkra9ivdlho9T@ceTivlT@_#apOQT>xBklcmfTeaYi¦a
opTS_9x3dlhByQ_¢ia9O  UXn n"dlo9a *#hQopTSkfcmOBkrBtTf
XklhD^ klcea9ivlTJapddftv_T1`ij_saivh a9OQTtia9TSopkra9gQopTJdlo%R<T@kl_9gQopihQapOQT 3drabaptTShQTScm BklhBy`¢ijyDa9O &l
|Q¼Qe!}klhBy1a9OQTkÂ!krivtvklQtvT%BklhBy`¢ijyDa9O &(QeDm~l~Q¼~l}Bm~ (#kltdfhQkxBkra9O WhQTJdr¡a9OQT@_bTa9dDdftv_
ij_
	ScSxBo9df0T |u¢OQivcmOij_y`TS_9ifhQTSy a9dJR>TSkf_bgQopTVa9OQTBklhBy`¢ijyDa9OcklxBklci¦as^ klhBya9OQTkÂ!krivtvklQtvT
0krhBy`¢ijyDapOdlha9OQT¨xBk!apOdlµkcedfhQhQT@c¼a9ivdlhµ.\`gBcmOivh`dlopRk!a9ivdlh0_&cSkrh3Tg0_bTgQt3dloR>klhD^<xBgQo9x3df_9TS_
_9gBcmO kl_<td`cSkrtviSihQa9OBT3TS_ba_bTSo9fTo>krR>dlhBk_bTa<dlopTxQtvijck!apTSy _bTSo9fTom_£ cea9gBklttv^l;a9OQT_bapk!apivc
klxQxQopdfkfcmOQTS_µdlo._9ToplTo._9TtvTScea9ivdlh	apOBk!a;klo9TBkf_bT@ydfhapOQTlTdflomkrxQOBivcSkrtxQo9d 1`ivR>i¦as^	klhBy	apOQThDgQR3To
dl¨OBdlxB_klo9ThBdraTe¤ciTShfadlocmOQdDd_bivhQa9OQT0T@_sa%_9ToplTSokl_¢T¢itvt_9TTivh a9OBT hQT1Da_9TScea9ivdlh
NOBTopTedlopTl¢T hQTSTSy ivh _bdfR<Tckl_9TS_a9d£T@_sapiRk!apTa9OBTBklhBy`¢ijyDa9O dfh a9OQTxBk!apOB_3Teas¢TTShGa9OQT
hBTeas¢dlopTha9ia9ivTS_#kf_kceopi¦apivcSkrt¢TivlOa&dfoa9OQTivh`TSo9opTSy%hQTeas¢dlopapdlx3dltvdll^f
QxBo9df0Tiv_VivR<xBtTSR<TSha9TSy£a9dR>TSkl_9gQopTa9OBT_9x0TSTSy1dr¡k0dlaba9tvThBTScmtivhQD^_bTShBy`ivhQk_bTa<dl
x0klcmlTa¨x0krivop_SVNopkÂfTtvihBapdllTa9OQTSoS,as¢dxBklcmfTeap_Yklo9T)2gQTgQT@ykl_YkxBkrivok!aYa9OQT3dra9a9tvThQT@cm tvihQ,
 _9_9gQR>ivhQ apOBk!a>a9OBTopT%kropThBdrakrhQdla9OQTSoVxBkfcmlTap_Viha9TSo9fThQivhQ ivh a9OQTxBkrivo@u_bda9OQTJivhfapTo.,Àx0klcmlTa
_9xBkfceivhQ¢ivtt"0T<xQopdlx3dlo9a9ivdlhBklta9da9OQTVxQopdDcTS_p_bivhQapiR>TVdr.a9OBT<_9TScdlhByJxBkfcmlTa¡dr.apOQTxBklioYk!aa9OQT
3dra9a9tvThQT@cm%opdlgQa9To@ 0¨ifTh kx0klcmlTa#dru_9iST klhBykrhivha9To., kropo9iv!krt,a9ivR>TJdr;k>xBkfcmlTeaxBkrivoS
apOQTopTSceTSifTocklh%R>T@kl_9gQo9Ta9OBTBkl_9TYBkrhByQ¢ivyDapOJdr"a9OQT3dra9a9tvThQT@cmtivhQkl_dltvtvd!¢#_3
   &?
NdThQO0krhBcTVapOQTkfccegBopkfce^dra9OBTR<T@kl_9gQopTR>ThaSa9OQTBklhBy`¢ijyDa9O£cSkrh0TT@_sapiRkra9TSykf_Ya9OQT
kÂfTomkrfT!krtvgQTd!lTSo>R>klhD^1R>TSkf_bgQopTR>TShfaopTx3Teapi¦apidfhB_*NOQiv_iv_hBTSceT@_9_pkrop^apd£kÂldlijy1klQhQdfo9Rkrt
TSlTShfam__9gBcmOkf_3 6i¡ivhfapTo9TopihB¢ia9OcdlR>x3Tea9ivhQa9omk!¤ckra¡a9OBTV3dra9a9tvThQT@cmo9dfg`a9TSoS ivi2gQTgBihQ
6klitvgQopTJ¢OQTopT%iaRkÂ^£OBklxQx0TSh1apOBk!aapOQTJxBklcmfTeam_<klo9ThQdla_bTShfa>apdd6kf_sa>a9d3T 2gQTgQT@y1ivh a9OQT
3dra9a9tvThQT@cm£opdlg`apTo@ NOQij_cklh 3T kÂldfivyQTSyD^1_9ThByQihQktjkroplThgBR3Todr¨xBklcmfTea>xBkrivom_V¢ia9O
ivhBco9T@kl_9ihQVa9OBT	_biTYdrxBkfcmlTeaxBkliom_
cxQo9df0Tij_y`T@_bivlhBTSyapd¡R>TSkf_bgBo9T;a9OQTkÂ!krivtvklQtT&Bkrh0y`¢ivy`a9OD^_9ThBy`ivhQYk#hDgQRV0TSo! dr0_ba9opTSklR>_
dl  UXnTScmOQdx0klcmlTap_S#/^<R>klo9DivhQ¨a9OQT¡o9T@ceTivDihBYa9ivR<T¡dr,a9OQT#©Bop_ba;xBkfcmlTa #"%$(.klhBy<dr,a9OBT#tvkf_sa
x0klcmlTa &"('?dr3k¨_ba9opTSkrRJÂapOQT_bTShBy`To.cSkrtjcegQtjk!apTS_µa9OQTopTSceTSiDivhQ¨opkra9TdrQapOQT_sapo9T@krRzD^	y`ivijy`ivhQ¨a9OQT
   ,  

hDgQRV0TSo¡dl;_sapo9T@krR  _#^apTS_#3TivhQ_bTShfa¨D^apOQTivha9To., kropo9iv!krt,a9ivR>T" ' " $ NOQTh0a9OBTVkÂ!krivtvklQtvT
0krhBy`¢ijyDapOij_T!kltgBkra9T@y%kf_a9OQT	kÂfTomkrlT!krtvgQTYd!lToapOQT o9T@ceTivDihBVomk!apTS_krtvo9T@kly`^%ckrtjcegBtvkra9TSy
NOQTklcea9ivlTapddftnkra9OQtvdfkfy '& &ij_<krtj_bd y`T@_bivlhBTSyapdR>TSkf_bgQopT>a9OBT%kÂ!krivtvklQtvTBkrh0y`¢ivy`a9O£dfh
apOQTxBkra9O£3Teas¢TTShas¢&dhBTeas¢dlopThapi¦apiT@_<\klhByw D^opgQhQhBihQkJxQo9d`cTS_p_k!a>\krhBykxBo9d`ceT@_9_
kra<w /o9ivT 0^l.nk!a9OBtdklyij_Bkf_bT@ydlhapOQT%dltvtd!¢ivhQlTS^ivy`T@k>§GOQTSh1k xQopd`ceT@_9_Vk!a>\£_bTShByQ_k
x3TopivdDyQivc%_sapo9T@krR dr *n xBkfcmlTea>k!akomk!apT  OQivlOQTSoapOBkrh1a9OQTkÂ!krivtjkrQtvTBklhBy`¢ijyDa9O ih a9OQT
x0k!a9OµDa9OQTopTtjk!apifTdfhQT, ¢kÂ^>xBkfcmlTay`TStvkÂ^`__9OQd!¢ krhivhBceopTSkf_bivhQ	apo9TShBykrhBya9OQThBT1Da BTTa#opkra9T¨iv_
tvd!¢To¨a9OBklh  §GOQTSha9OQT_ba9opTSklR opkra9T>ij_td!¢To¨apOBkrha9OQTkÂ!klitjkrQtvT>Bkrh0y`¢ivy`a9Oµa9OQTopTtjk!apifT
dfhQT, ¢kÂ^%xBkfcmlTa¨y`TStvkÂ^`_¨_bOQd!¢zhBdcdlhB_9iv_ba9TShaapo9TShByklhByapOQTVhBT1Da BTTa¨omk!apTVij_¨OQifOQToa9O0krh  
NOBTia9Tomk!apifTTS_ba9ivRk!a9ivdlhkrtvldlopia9OQR±dr;nk!apOQtdklyapTopR<ivhBkra9TS_¢OQTShJa9OQT<opkra9T	dlas¢&d_9gBcSceTS_p_9ifT
0TTea#ij_tvTS_p_a9OBklhJk<gB_9To., _bx3TSci¦©BT@yopTS_9dltvg`apidfh
	 
	

 "  	  
 ¡h klcea9ivlTklxQxQopdfklcmO xQopd!Divy`T@_k_9x0T@cei©0c hQTas¢&dfo9£a9dlx3dltvdlf^1ivh`dlopRk!apidfhGgB_bivhQ£klhGih`TSo9TShBceT
klopcmOBi¦apTSc¼apgQopT¢OQivcmO£yQTx3ThByQ_Vdlh£klh£klcea9ivlT>a9dDdft 6yQTS_pceopi3TSyivha9OBTxQopTDivdlgB_	_9TScea9ivdlhe  ha9OBiv_
_9TScea9ivdlhf¢&T#yQTS_pceopi3TQo9ivT 0^	a9OBT6krR>dlg0_uklcea9ivlTkrxQxBo9dklcmOQT@_T 1`iv_ba9ivhQivh>a9OQT#tvia9Tomk!apgQopTl¥"ivop_baSf¢&T
yQTS_pceopi3TVOBd!¢za9dJivh`ToYapOQT<a9dlx3dltvdlf^Jdr;apOQT  ha9TophQTaYg0_bivhQ%a9OQTklhB_b¢Tom_druapopkfceTopdlgQa9T<xQo9df0T@_
NOBTh¢TVT 1`xQtvkliha9OQT,+krhBy`Rklo9krxBxQo9dklcmOdfoYtd`ckra9ivhQapOQT>RklcmOQivhQTS_¨ivh apOQT  hfapTophQTeaBkf_bT@y
dfh_bdfR<TopTeTSo9TShBceTx3dlivhap_S¥"ivhBkrtvtv^lB¢T	y`T@_9co9iv0T	_9dlR>T	ivha9TSo9T@_sapihQkfc¼a9ivlT	_pcmOQTSR<T@_xQopdlx3df_9TSyivh
apOQTtvi¦apTomk!a9gBo9Tdlo¡_9TtvTScea9ivhQ<a9OQT3TS_ba¡_9ToplTo@
          !Q «  ¯  «   ¯  « 
X krhD^krxQxBo9dklcmOQT@_&klo9Ty`T@_bivlhQT@yklhByivR>xQtvTR>Tha9T@y%a9d>ihQToapOQT¨a9dlx3dltvdlf^dr"a9OQT  ha9TSo9hBTeagB_9ihQ
apOQTBkf_bijcJivyQTSkdr¨a9OBTa9omklcTopdlg`apTapddft 6yQTS_pceopi3TSy ivhG_bT@c¼a9ivdlhG~B'&=¼ NOQTR>krqsdloxQopdlBtTSR>_>dl
ivh`TSo9opihB#a9OBT;apdlx3dltvdll^YdlQa9OQT  ha9TSo9hQTa"g0_bivhQ#apopkfceTSo9dfg`a9TuxBo9df0T@_"klo9T i¢&T&hQTT@yktvklo9fTuhDgQR3To
dluRklcmOQivhQTS_¡lTSdllomkrxBOQivcSkrtvt^%y`iv_ba9opivQg`a9T@yJa9d%0TVa9OBTV_9dlgQomceT@_dr.apopkfceTopdlgQa9T	xQopdl3TS_S ivi#¢&TVhQTT@y
apdJhBd!¢ a9OBTxQtvkfceTSR<TSha	dr;apOQTS_9TRklcmOQivhQT@_krhBya9OBTivy`TSha9ia9ivTS_dl;a9OBTR>kfcmOQivhQTxBkrivom_ ¾_bdfgQomceT,
yQTS_ba9ivhBk!apidfh"_bdYkl_a9d¨Rk1`ivR<iTapOQTkrR>dlgQhadr3hQT¢ ih`dfo9Rkra9ivdlh¢T¢&dfgQtvydl`amkrivh6iivi¢ThQTT@y
apd ijy`Tha9i^a9OQT%hQTeas¢dlopivha9TSob6kfceTS_	¢OQivcmO3TtvdlhBf_apda9OBT%_pkrR>T  n y`TSDivcT 6kltijkl_o9T@_bdftg`apidfh¼
4¡T1DaSÂ¢T;y`T@_9co9iv0T&_bdfR<Tu_9dltvg`apidfhB_¢OQijcmOOBkÂfT.ihDlT@_sapik!apTSya9OQT@_bT;xQo9dfQtvTR_xBklobapivklttv^¡dfoThapiopTtv^l
\DDiabapTo  iv_Yk%¢ivy`TSt^g0_bT@y apddft"yQTxQtvd!^lT@y D^U   # dfoklc¼apifTtv^JxQo9dfQivhQapOQT  hfapTophQTea
ivh dfopy`TSoa9dkrhBklt^STYa9dlx3dltvdlf^klhByJx3To9dlopR>klhBceTf  agB_9TS_ /10Yn apklQtvTS_¡klhBy kyBk!apklBkl_9T	dl§T
 %(')'*+-,),/.).).076;2?>(250-8
   >r «    ¯ Q  «  
_9ToplTSop_a9d©BhByyQTS_ba9ivhBk!apidfhxQopTe©%1`T@_"NOQTS_9T;xQopTe©1DT@_klo9T&xQopdl3TSyYopdlR kl0dfg`a.l¡_9Di¦a9a9To"R>dlhQia9dfop_
fTdflomkrxQOQijcklttv^VyQiv_ba9opiBg`a9T@y;\DivR<ivtjkropt^>apdVapopkfceTSo9dfg`a9Tf_9Di¦a9a9Toy`Ta9TSo9R>ivhQTS_apOQTgBhQivyQiopTScea9ivdlhBklt  n
x0k!a9O1o9dfR i¦am_>td`cSk!a9ivdlh  apOQTJxQo9dfQivhQ_9dlgQomceT=Yapdky`T@_sapihBkra9ivdlh ¥ivlgBo9TJ_9OQd!¢#_Va9OQTJ_9iabapTo
dfg`a9xBg`a;xBkfcmlTeam_  h>a9OBT#xBkÂ^Dtdkly &@¨D^a9TS_&kropTo9T@_bTSo9fTSydlo&lTophQTSt`a9ivR>TS_bapkrR>xQivhQ0"NOQij_u!kltgQT¡iv_
df`apklihBTSyVo9dfR kfTophQTtBR<d`y`gBtT#kfyQy`TSy<apda9OBT#dlx3Tomk!apihQ_9^`_sapTR dlh>¢OQijcmO_bDiaba9TSouopgQhB_.ivhdlomy`To
apdiR>xQopd!lTYapOQTkfccegBopkfce^dlapOQT	opdlgQhByapo9ivxa9ivR>TR>TSkf_bgQopTR>TShfam_&§GOQThhBdra¡gB_9ivhQ>a9OQij_#fTophQTt
apiR>T@_samkrR>xQivhQB3a9OBThQT 1a D^a9T@_klo9TgB_bT@yivh a9OBTV_pkrR>TRkrhBhQToYkl_¡xQihBa9OBT^OQdftvy ka9ivR>T!krt
opTxBo9T@_bTShfapihBa9OQT_9ThByQihQVa9ivR>TYdrapOQTYxBklcmfTeaSNOQTYhQT 1a}<^apTS_OQdltjyapOQTy`TS_ba9ivhBkra9ivdlh%kfyQy`opTS_p_
NOBT^klyQya9OQij_u©0Ttjy>a9dVo9T@_bdftfTa9OQT¨krtvivkf_uopTS_9dltvg`a9ivdlhxBo9dfQtTSRJ /kf_bijcklttv^lk	opdlg`apTo;RkÂ^Va9omkrhB_9R>i¦a
klhJTScmOQd>opTxQtv^DijkkrhJihapTo96klceTYapOBk!a#ij_¡yQi ,TopThaa9O0krha9OQTiha9TSob6kfceTYapd¢OQivcmOapOQT	TScmOBdo9T2fgBTS_ba
¢kl__9Tha@"klhByR>kÂ^gB_9Ta9OQT  nzklyQy`opTS_p_Ydra9OBTa9omkrhB_9R>i¦a9a9ivhQivhfapTo96klcTkl_YapOQT_9dlgQomceTklyBy`o9T@_9_
ivha9OQTTScmOQdJopTxQtv^l  hapOQiv_ckl_9Tl¢&TcSkrho9T@cedflhQiT<a9O0k!aa9OBT_bdfgQopcTklyQy`opTS_p_krh0yapOQTklyBy`o9T@_9_
ivhBy`ijckra9T@yivha9OQij_tjkl_ba©0Ttjy%3TtvdlhBVapd>a9OQT	_pkrR>T  n y`TDijceTf
hdr lenversion
fragment offsetflagsidentification
TOS total length
time to live header checksumprotocol
source IP address
destination IP address
identifier sequence number
checksumcodetype
kernel timestamps
user transmit timeval
destination IP address
IP
 header
IC
M
P
payload
bits
1680 32
0
28
24
20
16
8
4
12
40
48
52
by
te
s
¥"ifgQo9T	.\`iabapTo#dfg`a9xBg`a#xBklcmfTeadlopRk!a
 ¡hQdrapOQTo_9dltvg`apidfhckrtvtvTSy wd`cmlTabgQTSt  ~| ivh`TSop_>apOQTJa9dfx0dftdfl^£g0_bivhQa9omklcTopdlg`apTJxQo9df0T@_
/10Yn o9dfg`a9ivhQapkrBtT@_krhBy 4¨\£ivh`dlopRk!apidfh1NOQTJlTS^£cedfhBceTSx`a<dl#a9OBiv_>¢dlopiv_Va9divh`Toklh
 \QnGRkrx¢OQijcmOiv_¡R>dlopTcedfR<xBtTa9TapOBkrhJapOBk!a¨dl`amkrivhQTSyJD^%a9OQT	dla9OQTSo¡RkrxBxQihBR>Tea9OBdDyB_¡krtvdlhB
¢ia9OgB_9ihBJkf_T¢ R>T@kl_9gQo9TSR>Thap_Ykl_Yx3df_p_9iQtvTl<NOQTkromcmOQia9TScea9gQopT<drw#dDcmfTea9gQTt ¾y`TS_pceopi3TSyivh
¥"ivlgQopT~"krivR_RkrivhQt^a9d¨©BhBy<dfg`a.a9OQTg0_bTgQtQxQopTe©%1`T@_µapd0TxBo9df0T@y	dfoa9OQT#y`ij_pced!lTSo9^Ydl,klh  \`n
   ,  

apdlx3dltvdlf^lfa9OQTShapd<cdltvtT@c¼aa9OQTkrtvijkl_9TS_u¢OBivcmOJkropT¡3TtvdlhQVa9dVa9OBTY_pkrR>To9dfg`a9TSoS!4#T 1DaSD¢&TYy`T@_9co9iv0T
apOQTRkrivhgBhBc¼apidfhBkrtvi¦apiT@_dra9OQij_#klopcmOQia9T@c¼apgQo9Tf
¥"ivlgQopTV~¡ #omcmOQia9T@c¼a9gBo9TVdr&wd`cmfTeabgBTtÀYNOBT<¨k!amkrBkf_bT 6 / ¡3TScedfR>TS_a9OQT<ivhfapTo.,ÀxBo9d`ceT@_9_cedfR ,
RVgQhQijckra9ivdlhJ_bgQ0_sapopkra9Tl
*_bivhQ/ 0Yn1apklQtvTS_SfapOQT^xQivcmgBxa9OBT¨xBo9T©%1`TS_&¢OQTopT¡apOQTivoa9omklcTopdlg`apTS_u¢ivtvt,a9omkrhB_9i¦aa9OBT  \`n
3TivhQ RklxQx0T@y  / 0YnzapkrBtTRklxB_VyQTS_ba9ivhBk!apidfh  n klyQyQo9T@_9_xBo9T©%1`TS_apdk _9Tea<dr# \DT@_	apOBk!a
cSkrh3Ta9omkÂlTSop_9TSya9do9T@klcmOa9OBkray`T@_sapihBkra9ivdlh /kf_bT@y%dfh /10Yn apklQtT@_3wd`cmlTabgQTSty`T©BhQTS_#a9OQopTT
ctvkf_9_9TS_Vdr¡a9omklceTSo9dfg`a9T@_	apOBk!a_9OQdlgBtvy£a9omkrhB_9i¦a<a9OBT  \`n hQTas¢&dfo9  6i<NopkfceTSo9dfg`a9T@_a9dy`TSx0TShBy`Tha
xBo9T©%1`TS_¢OQivcmOkropTdfo9ivlivhBk!apTSyD^JapOQT  \Qn dfodfhQTVdl;iap_YcegB_ba9dfR>Tom_	 ¡tt"a9omklcTopdlg`apTxQopdl3TS_¡a9d
apOQTS_9TxQopTe©%1`T@_o9dfR±krhD^%ÂklhapkrfTYx0dfiha¡_9OQdlgQtjy%a9omkrhB_9iaa9OQT  \Qn ivi#NµomklcTopdlg`apTS_&o9dfR ivhB_9ivy`TSop_
¢OBivcmOklo9TapopkfceTSo9dfg`a9T#_9ToplTSop_tvd`ck!apTSy>ivhk	y`TSx0TShBy`TShfaxQopTe©%1NµomklcTopdlg`apTS_opdlR ih0_bijy`Tom_apdVkrhD^
xBo9T©%1_9OQdlgQtjya9omkrhB_9iaa9OQT  \`n" iviiNopkfceTopdlgQa9TS_apOBk!aklo9T>tvifTtv^ a9dJapopklhB_9i¦aapOQT  \`n Bkf_bT@ydfh
apOQT	 \ ,ÀxBkra9Oih0y`ivcSk!apTSyihapOQT/10Yn1amkrQtvTl
NOQTShfw#dDcmfTea9gQTtD©Bta9TSop_"apOQTS_9TxQopTe©%1`T@_D^<_bgQxBxQo9T@_9_9ivhQ¡apOQdf_9TkropT&tvivlTtv^apdYdltvtd!¢£opTSyQgQhByQklhfa
x0k!a9O0_¡apOQopdlgQfO a9OBT  \Qn hQTas¢&dfo9,	NOQopTTVa9T@cmOQhQi 2gQTS_YkropT<gB_bT@yapdopTSyQgBceTVa9OQT>opTSy`gBhByQkrhaYR>TSk,
_9gQopTR>Tham_36i  hBlopTS_p_wTSy`g0c¼a9ivdlhµ§GOQTShapopkfceTSo9dfg`a9T@_¨o9dfR[as¢&d yQi ,TopTha	!krhapkllT>x3dlivhfam_Ya9d
apOQT_9klR>TYyQTS_ba9ivhBk!apidfhThapToa9OBT  \Qn kraa9OQT	_pkrR>T¨x0dfihaSDapOQTxBkra9O%a9OQopdlgQfOapOQT  \`n iv_tvivlTtv^>a9d
3T¨a9OQT	_pkrR>TYkl__9OQd!¢hivhJ¥ivlgBo9TY}fkB  hapOQiv_cSkl_9TlDdlhBt^dfhQTYxQopdlQivhQ<iv_hQTSTSy`T@yTSi¦apOQToopdlR N &
dfoN#Q	ivi &.fo9T@_9_wTSyQgBc¼apidfhY\`iR>ivtvklo9tv^l0a9omklcTS_opdlRapOQT<_pkrR>T	ivhQfo9T@_9_#a9d%klhD^%xQopTe©1J3TOBihBy
   >r «    ¯ Q  «   
apOQT¡_pkrR>T#TSlopTS_p_o9dfg`a9TSo;_bOBdlgQtjyVa9omkÂlTom_9T&apOQT¡_pkrR>T#xBkra9Okf_u_bOBd!¢h<ivh¥"ivlgQopT}lNODgB_SfdfhQt^VdlhQT
xBo9T©%1ij_hQTT@y`TSyJdfo3TivhQ%xQo9df0T@yJTia9OQTSo¨n &dlo¨n;`ivivi 4#TS_ba, OQdfx \wTSy`g0c¼a9ivdlhµNOQTVxBk!apO
apOQopdlgQfOklh  \`n4gB_9gBklttv^y`TSx0TShByQ_dfhQt^dlha9OQThQT 1Da, OQdlx \,µhQdra	dfhapOQT_bx3TSci¦©3c<yQTS_ba9ivhBk!apidfh
xBo9T©%1 ¾_bTST¥"ivlgQopT#}fc?¼.NODgB_SfdfhQt^>dfhQT#apopkfceTopdlR ihBlopTS_p_uopdlg`apTouapdhQT 1Da, OQdlx ¨\ij_;hQTSTSy`T@y_9d
kf_D^%xBo9dfQihBTia9OQTSon1&dlo¡n;Q *¡_9ihBa9OQT<y`TS_pceopiv0T@ya9TScmOBhQi 2gQT@_3wd`cmlTabgQTSt©BhBya9OBkraiacklh
opTSyQgBceT¡a9OQTYhDgQR3Todrµa9omklceT@_;opT 2gQivopTSy>apdVRkrxkrh  \`n£D^>a9OBo9TSTdfopy`TSo;dlµRkrlhBi¦apgBy`TYcedlR>xBklo9T@y
apd<a9OQT	kltt ,¾apd , krtvtkrxQxQopdfkfcmO
¥"ivlgQopTY}.nk!a9OJopTSy`g0c¼a9ivdlh0_
 ¡tv_9dB,wd`cmlTabgQTSt"cdlhB_9ivyQTom_a9OQT<krtvivkf_#opTS_9dltvg`a9ivdlhJxQopdlBtTSR dfokl_p_9TRBtivhQapOQT  nGivha9TSob6kfceTS_
tvij_sapTSy£ivh k a9omklcTopdlg`apTihapdapOQTivo<cdlopo9T@_bx3dlh0y`ihB o9dfg`a9TSop_Swd`cmlTea9gQTt# _Vkltijkl_Vo9T@_bdftgQa9ivdlha9dDdft¾
cSkrtvtT@y #tvt^f3yQTx3ThByQ_¡dlhXJTSopcSk!apdloapTScmOQhQi 2gQT  &S~ À  acdlhB_9iv_bap_¡dru_9ThBy`ivhQapopkfceTSo9dfg`a9TYxQopdl3Ta9d
apOQT	x3drapTha9ijkrtvt^krtvivkf_bT@y  nGkfyQy`opTS_p_bT@_¢i¦apOk>OQifOQtv^hDgQR3TopTSy *nGx3dlo9aS0kNN1+drul|f|`Qkrh0y
cdlhB_9TScg`a9ivlT  n ivy`TSha9i©BTom_31krhByJ^f#§T	o9TSR>ihBya9OBkrakrh  nGijy`TShfapi¦©0To¨iv_y`TS_9ifhQTSyapdgQhQi 2gQTtv^
ijy`TShfapi¦^%a9OBTx3dlo9a9ivdlhB_¡drukxBkfcmlTeadfo¡opTSkf_9_9TRVQt^%k! a9TSo#omkrfR<TShapk!apidfh  u0dla9Okltijkl_9TS_3TtvdlhQ
apd<a9OQT	_pkrR>TYo9dfg`a9TSoSDapOQTopdlg`apTo¢ivttopTS_9x3dlhBy%D^as¢&d *¡¨n x3dlo9a#gQhQopTSkfcmOBkrBtT #R>TS_p_pkrlT@_;¢ia9O
apOQTklyBy`o9T@_9_¨dl;a9OBTdlg`apldlivhQihapTo96klceTkf_¡apOQT_9dlgQomceT>klyQyQo9T@_9_klhByivhBctgByQihQapOQTivyQTha9i©BTom_ 1
klhBy^opTS_9x3TSc¼apifTtv^lNOQTh. ¡ttv^_9Th0yQ_	ka9OBiomyR>TS_p_9kllT<a9dapOQTkfyQy`opTS_p_¨a9OBkrao9T@_bx3dlh0y`TSy©Bom_sa
¢ia9Oklhijy`Thapi¦©BTSo kl__9OQd!¢hih¥"ifgQopT|Q,/kf_bijcklttv^lµi¦ 1 ^ fklhBy ),31iv__9Rkrtvt¾µa9OQT
kfyQy`opTS_p_bT@_kropTtvifTtv^krtvijkl_9TS_S
¥"ivhBkrtvt^f&wd`cmfTeabgBTtopTtviT@_Vdfh£apOQT 4¨\£ivh`dfo9Rk!apidfhB_Va9dcmOQT@cmgQx i¨klh df`apklihBTSy£opdlgQa9To
kfyQy`opTS_p_3TtvdlhQ_a9d a9OQT  \`nz3TivhQ RkrxQx3TSy #tj_bd0"a9OQT@_bTivh`dfo9Rk!apidfhB_	_9ToplT>apdijy`Tha9i^a9OQT
   ,  

¥"ivlgQopT<|# #tvivkf_¡opTS_9dltvg`apidfh^  n ivy`TSha9i©BTom_Y  _bdftijy kropopd!¢4opTxBo9T@_bTShfam_R>TS_p_9kllT@_opdlR[krh  n
apdkrhJkrtvivkf_DapOQT	y`dra9a9T@yklo9opd!¢ a9dklhQdrapOQTokltijkl_S
opdlgQa9ToopdltvT	krh0y%tvd`ckra9ivdlh /kl_9ivcSkrtvt^f`TSklcmO  \`n O0kl_#k>hBklR>ihQcdlhDlTSha9ivdlh%dlo¡iap_#o9dfg`a9TSop_#kf_dlo
T 1QkrR>xQtvTll_9t-, Q & &, hD^Dc, ~ , B _9xQopihaptivhQ, hBTeaµij_.k\DxQopihauBkfcm3dlhBT6Q & &=o9dfg`a9TSo.ih 4#TS¢ udfo9<U&ias^
6hD^Dc?¼
             °5`    ¯ Q 
+krhByQR>klo9krxQxBo9dklcmOkrivR_a9dtd`ckltiT	a9OQTVR>kfcmOQivhQTS_¡ihapOQT  hapTophQTea¡0kl_9TSydfh _bdfR<To9TTopThBcT
RkfcmOQihBTS_ucSkrtvtT@y
	¼. GhDgQRV0TSo  dr,tvklhBy`Rkrop`_.ij_u_bxBo9T@kly<d!lTSoapOQT  ha9TSo9hBTea;¢ia9O¢Ttvt-,
DhQd!¢hklyBy`o9T@_9_9TS_S/^ R>TSkf_bgQopivhQa9OQTy`TStvkÂ^a9dT@klcmOtvklhBy`Rkrop,µkJOQdf_ba#df`apklihB_k%fTScea9dlodl
yQTtjkÂ^D_ $
 !'" #$## !%'&pNOBTcetvdf_9ThBTS_p_u3Teas¢TTha9OQThQTeas¢dlophQd`y`T@_&klo9T¡Bkl_9TSydfh>a9OQT¨lT@c¼apdlom_
  
NOQTklyQÂklhapkrfT drapOQij_klxQxQopdfkfcmOGiv_a9d TS_ba9ivRk!a9Ta9OQTcetvdf_9ThBTS_p_3Teas¢TTSh hQTeas¢dlop hQd`y`TS_
¢ia9OBdlg`a#apOQT	hQTSTSyapdhBd!¢4klhByJxQopdl3TTSklcmOJdla9OQTSoSNOQT	Rk!qsdfo#xQopdlQtvTR_dlapOQiv_krxQxBo9dklcmOJkropT
_9x3TScei^DihBiapOQThDgQRV0TSodl#tvklhBy`Rkrop`_krh0ya9OQTSio>y`ij_sapo9ivQg`apidfh ivia9OQT%R>Tea9opijca9dgB_9Tdlo
T@_sapiRkra9ivhQ<a9OQT	ctd_bTShQTS_p_y`Tfo9TSTYklR>dlhQ<xBkrivom_drhBdDyQTS_S ivii&a9OBT	klccgQomklce^dlµapOQTTS_ba9ivRk!a9ivdlhµ
NOQTR>df_bax3dlxBgQtvkloJR<Ta9opivcS_g0_bT@y ivh apOQTtvia9Tomk!apgQopTdfo%T@_sapiRk!apihB1apOQTctd_bTShQTS_p_y`Tfo9TST
3Teas¢TTShhQd`y`TS_&kropT
 i&Ukro9a9T@_bijkrhy`ij_bapkrh0ceTl ivi #dla/#R>Teapo9ijcr ivivi /&ivhQhQivhQ	R>Ta9OQd`y. ¡_p_9gQR>ihQ
apOBk!aa9OQTVhQTeas¢dlopij_¨krh 4 , y`ivR>ThB_9ivdlhBkltcklobapTS_9ivklh_bxBkfceTklhByJapOQT 4 tvklhBy`Rkrop`_¡kropTapOQTVk 1Dij_#dl
apOQij_._bxBkfceTfl_bda9OBT#y`TtjkÂ^lT@c¼a9dfo(  iv_"apOQTcedDdlomy`ivhBk!apTS_"dr0a9OQThBdDyQT)µih<a9OBiv_DivobapgBkrtQ_9xBklcTl"NOg0_
apOQTy`ij_samkrhBcT¨3Teas¢TTShas¢&d<hQd`y`TS_*&krhBy,+cSkrh0TT 1DxBo9T@_9_9TSy%kl_&a9OQT	cSkro9a9T@_bijkrhy`iv_bapklhBceTY3Teas¢TTSh
apOQTivo#cedDdfopy`ivhBkra9TS_kf_a9OQTYdfttvd!¢ihB
   >r «    ¯ Q  «   
  
 %

 $ 
    & ' ¾

¡dra/ '&Â|µT@_sapiRk!apTS_apOQTy`ij_bapkrh0ceT	3Teas¢TTSh%as¢dhQd`y`T@_#Bkf_bT@y%dfha9OQTyQTtjkÂ^lT@c¼apdlom_dra9OQT@_bT
hBdDyQTS_S  a;cdlhB_9iv_bap_dl33dlgBhBy`ivhQYa9OQT#yQiv_bapklhBceT 3Teas¢TTSh<as¢&dYhQd`y`T@_ µkrh0y'+	D^as¢&d!kltgQT@_¢OQijcmO
klo9Ta9OQTy`i,TopThBcT<y`ij_bapkrh0ceT      3klhBy apOQT>_bgQR>Rk!apidfhy`ij_bapkrh0ceT  
	   ,kf__9OQd!¢hiha9OQT
dfttvd!¢ivhQVT2gBk!apidfh 
          	    6~
¢OQTSo9T'!"klhBy   klo9T¡a9OQTy`ij_samkrhBcTS_&0Tas¢&TSThktjkrhByQR>klo9µ¢i¦apOhQd`y`T@_)ukrhBy +<o9T@_bx3TScea9ivlTtv^l
NODgB_S"i¦a9OBTopTkropT  tvklhBy`Rkrop x3dlivhfam_apOQThapOQTy`TStvkÂ^0Tas¢&TSThas¢dhQd`y`TS_ Ykrh0y +ij_	tvd!¢&TSo
3dlgBhBy`TSyD^        `klhByJgQxQx3To¡0dfgQhBy`T@yJ^      `¢OQTSo9T"!krop^opdlR¨a9d  kl_
_9OQd!¢hih%a9OBTYdltvtd!¢ivhQ>T 2gBkra9ivdlh 
   $ %           $ %    	    # } 
NOQTShQapOQTy`ij_bapkrh0ceT3Teas¢TThapOQT	hQd`y`T@_ &klhBy +ij_TS_ba9ivRk!apTSykl_a9OQT	kÂfTomkrlT¨!krtvgQTdr.3drapO
3dlgBhByQ_kl__9OQd!¢hihapOQTYdltvtd!¢ivhQ<T 2gBkra9ivdlh 
     $ %        	   $ %    	   ! # ¾|

 ¡hQdrapOQToR>TeapOQd`y dfocedlR>xBklo9ivhQa9OQT<x0d_bia9ivdlh0_Ydr;RklcmOBihQT@_¨iv_a9OBT<BihQhBihQJR>TeapOQd`yVNOBiv_
R>Ta9OQd`y cdlhB_9iv_bap_¡dr;ctgB_ba9TSo9ivhQapOQT<hQd`y`TS_¡iha9d%QivhB_¡¢OBTopTVkQivhij_#ijy`TShfapi¦©0TSy D^Jk_9x0T@cei©0c	ivh6,
co9T@kl_9ihB¨dfopyQToudlµcetvdf_9ThQT@_9_apd	tjkrhBy`Rklo9Vx0dfihap_S.NODgB_TSkfcmO>dlomy`TopihBdrtvklhBy`Rkrop`_.opTxQopTS_9Thap_
kQivh 6Tl Bv;dfo  #"B$ '  &%   $  ('opTxQopTS_9Thap_<kQih ¼G hQd`y`TJR<T@kl_9gQopTS_Vi¦am_  " " a9dTSkfcmO
tjkrh0y`Rkrop<klhByomkrhQ`_.apOQT¨tvklhBy`Rkrop`_uivhkrhivhBco9T@kl_9ihQdlomy`To&drµwNNY`NOQThDT@klcmOhQd`y`T¨0TStdfhQf_
apd>a9OQTQih¢OBivcmOJOBkf_a9OQT	_pkrR>Tdfopy`TSo9ivhQ>drtjkrhBy`Rklo9`_S;NODgB_Qa9OQT	RkfcmOQihBTS_¢OQijcmOJ0TStdfhQ>a9d
apOQT>_9klR<TVQivhOBkÂfTa9OQT_pkrR>TdfopyQToklhByiaiv_T1`x3TSc¼apTSy a9OBkraapOQTS_9TVhBdDyQTS_¨kropTopTtjk!a9ivlTSt^Jcetvdf_9To
apddfhQTVklhQdrapOQToa9OBklha9dhQd`y`T@_¡hQdlaivh apOQTivoYQihµXdlopTd!lTSoSBi¦aYiv_T1`x3TScea9TSy a9OBkraapOQT<R<dfo9Ta9OQT
dfopyQToiv_yQi ,TopThaa9OBTY6kro9a9OQTSo#kropT¡apOQTRklcmOQivhQTS_S
NOQT%o9TSxQopTS_9Thapkra9ivdlhdr¡kBih ckrh3TopTe©0hQTSyapd gB_9ThQdlaVdfhQt^a9OBTdlomy`TSo9ivhQ dltjkrh0y`RkropD_
Bg`aVkrtj_9d%apOQTklB_bdftgQa9T!krtvgQTdra9OBTwNN R>T@kl_9gQo9TSR>Thap_SNOQT@_bT!krtvgQT@_	cklh3TivhBy`ijckra9TSyD^
yQiDijy`ihBa9OQT omkrhBlTJdrYx0d_9_9ivQtTtjk!apThBc^1!krtvgQT@_ihapd£khgBR3Todl¨tvTfTtj_ ¥BdloT 1QkrR>xQtvTla9OQT
omkrhBlTdrx3df_p_bivQtvTtjk!a9TShBce^!krtvgQTS_ckrh3T%yQiDijy`TSyivha9dapOQTapOQo9TSTdltvtvd!¢ihQtvTfTtj_3 itvTfTt;
 %  ,  

dfo¡tjk!apThBciT@_#ivha9OQT<omkrhQfT  B'&@ljR_0tTSlTSt &dfotjk!apThBciT@_#ivha9OQTVopklhQlT '&@lQ¸rfjR_QklhByivivi
tvTfTtdfoVtjk!apThBciT@_<lopTSk!apToa9OBklh rfrR_SNODgB_S;kQivh cklh13T%ijy`TShfapi¦©0TSy£D^apOQiv_<hQdlapkra9ivdlh 
       $  $ '>¢OQTSo9T     ij_¨a9OQT>opTtjk!a9ivlT<dlomy`TSo9ivhQdr&tjkrh0y`RkropD_YklhBy  $  $ '>iv_¨apOQT>tvkra9Th0ce^
tvTfTtj_dr"TSklcmOdlomy`TSo9ivhQ<o9T@_bx3TScea9ivlTtv^l
WhQT&x0dla9TShfapivkltklxQxQtvivcSk!apidfhYa9OBkra"cklh	xQopdr©Qaµo9dfR*apOQT;tjkrh0y`Rkrop¨klxQxQopdfklcmOYij_apOQT	


 

		  
	! "#  $ 	$%&
 ¼ /kf_bT@y dlhGapOQTQihBhQihB _ba9omk!apTl^f  ~ & cedfhB_sapo9g0c¼ap_
apOQTd!lTSo9tjkÂ^hQTeas¢dlop U 4  ~f ÀU&dfha9Tha.,  yQyQo9T@_9_pkrQtvT 4#Teas¢dlopa9d3TcedfhQlopgQTha>¢i¦apO a9OQT
gBhBy`Toptv^ivhQ  na9dlx3dltvdlf^l"U 41ij_µklhkrxBxQtijckra9ivdlh6, tvTlTStrhQTas¢&dfo9¡dlopR<ivhQ¡k¡Dio9a9gBkltfy , y`ivR>ThB_9idfhBkrt
UklobapTS_9ivklh cddfopyQihBkra9TJ_bx0klceTfGNOQiv__bxBkfceTiv_xBkro9a9ia9ivdlhQT@y klR>dlhQkrtvta9OQThBdDyQTS_ivh kRklhQhQTo
apOBk!a>TSkfcmO1hQd`y`Tij_VopTS_9x3dlhB_9iBtT%drk_bx0klceT%x0dfobapidfh WDDidfgB_btv^l.opdlgQa9ivhQivh U 4 cedlh0_bij_sam_dl
_9Th0y`ihBx0klcmlTap_YkrtvdlhBapOQTy`ivo9T@c¼ativhQT>xBkra9Oa9OQopdlgBlO apOQTcklobapTS_9ivklh_9xBklcTopdlR a9OQT_9dlgQomceTVa9d
apOQT	y`T@_sapihBkra9ivdlhJcedDdlomy`ivhBk!apTS_kl__9OQd!¢hihapOQTT1QkrR>xQtvTy`omkÂ¢hivhJ¥"ivlgQopT (Q
¥"ivlgQopT ('&51QkrR>xQtvTYdlhJopdlg`apihQ<ivh, y_9xBklcT
NOQTYQivhQhQivhQ_pcmOQTR>TYcedlh0_bij_sam_dr"yQiDijy`ihBVapOQT_bx0klceT¨ivhfapdapOQTYhDgQR3Todlx3df_p_bivQtvTdfopy`TSo9ivhQ_
dltjkrh0y`RkropD_SNODgB_µa9OQTSo9Tklo9T>R'T2fg0krt;_9iSTSyx0dfobapidfhB_¢OQTSha9OQThDgQRV0TSo	drtvklhBy`Rkrop`_¨iv_
T2gBkrta9d%R[¢OQTopTT@klcmO x3dlo9a9ivdlh 3TtvdlhBf_¡a9d%k_9ihQftTVdlomy`TopivhQB¨NOQTxBklobapi¦apidfhQivhQdlua9OQT>_9xBklcT
ij_y`dlhQT¨ivh%kc^`cetvivcSkrt,dlomy`TopivhQ	drapOQTy`ivR<TShB_9idfhB_ 6Tl Bv 1D^ 1D^ 1,vv e¥"ivop_baSapOQT¨_9xBkfceT¡ij_y`ivijy`T@y
ivha9dRx0dfobapidfhB_#kltdfhQ<a9OQT©0op_bay`ivR>ThB_9idfh&NOBTh,krtvdlhQ<apOQT_9TScedfhByJy`ivR<TShB_9idfhBT@klcmOx0dfobapidfh
ij_¨y`iDijy`TSyivhfapdR , &x3dlo9a9ivdlh0_¡T@klcmO dl;¢OQijcmOij_¨yQiDijy`TSy a9dR ,¡x0dfobapidfhB_klhBy_9ddfh	  apTo
   >r «    ¯ Q  «   
apOBk!akU  4*hQd`y`T¨yQTea9TSo9R>ivhQTS_iap_Qivh%0kl_9TSydfhiap_wNNGR>TSkl_9gQopTR>Tham_uapdapOQTYtvklhBy`Rkrop`_fa9OQT
hBdDyQTuqsdlivhB_;a9OQTU  4*ih%kopklhBy`dfR x3dlivhadla9OQT¨cedlopopTS_9x0dfhBy`Thaux3dlo9a9ivdlhdla9OQT¨cedDdlomy`ivhBk!apT¡_9xBklcT
¢OBivcmO%iv__9gQi¦amkrQtvTY¢i¦apO%iap_tjkrhByQR>klo9>dfopy`TSo9ivhQ0§GOQTShkVhQd`y`TqsdlivhB_kVx0dfobapidfh¢OQijcmOij_krtvo9T@kly`^
kf_9_9ivlhQT@ya9dklhQdrapOQTohBdDyQTl`apOQT	x3dlo9a9ivdlhiv_#yQiDijy`TSyT 2gBklttv^3Teas¢TTSh%apOQTRJ;NOBiv_3TO0kÂivdloRkÂ^
kfcmOQivTlTJkrh gQhBT 2gBkrty`iDijy`ivhQdra9OQT_9xBkfceTkrR>dlhBapOQTd!lTSo9tjkÂ^hQd`y`TS_S NOQTSo9TdlopTl;a9OQT tvdfkfy
0krtjkrhBcihQ<3Teas¢TThapOQThQd`y`TS_#R>kÂ^0T	k 3T@c¼a9T@yJkl_¢Ttvtkl_apOQT	kÂlTSopkllT¡hDgQRV0TSodrOQdlx0_dlha9OQT
x0k!a9O3Teas¢TThas¢d>hQd`y`TS_ivha9OQTVU 4z_bxBkfceTy`T@ceopTSkl_9TS_S
 zR>Ta9opivccSkrtvtT@y$  	 ,%  iv_#gB_bT@y%a9dT!kltgBkra9TYapOQTcedfhQlopgQTShBceT¨dr"a9OQT>U  4 a9dfx0dftdfl^
cdlhB_ba9opgBcea9TSy gB_9ihBa9OQT BihQhBihQ£_ba9omk!apTf^£¢i¦apO a9OQTgBhBy`Toptv^ivhQ  n a9dfx0dftdfl^f NOQij_R>Tea9opijcJiv_
cSkrtjcegQtjk!apTSykf_.a9OBT#dltvtvd!¢ihQ©Bom_baS¢&T#T 1`xQo9T@_9_ua9OQTU  4 xBk!apOtvkra9TShBce^<D^  	& tjk!apThBc^Vdl
T@klcmOJOQdfx¼  apTodl`amkrivhQihB>a9OQTkÂfTomkrfT!krtvgQT	dla9OQT<U 4zxBkra9Otjk!a9TShBce^fB¢Ty`ivDivy`Ti¦a¡D^%a9OQT
kÂfTomkrfTuhDgQR3Todr3OQdlx0_ivh<dlomy`Toa9dYhQdlaamkrlTklyQÂklhapkrfT;dlBa9OBTopTSyQgBceT@y	hDgQR3To.dlBOQdfxB_.cklgB_bT@y
D^a9OBT<BihQhBihQ,À0kl_9TSy cdlhB_ba9opgBc¼apidfh drU 4	NOQTSh,a9OBTVdf`apklihQT@y kÂlTSopkllTx3To.,ÀOBdlxtjk!apThBc^Jiv_
RVgQta9ivxQtivTSyD^apOQT<kÂfTomkrfT¨hDgQRV0TSodluOQdlx0_#dlQapkrivhQT@yi¦;a9OQT<_bxBkfceTViv_TfThQtv^%x0kro9a9ia9ivdlhQT@yNOQT
df`apklihBTSyVÂkltgBTij_"a9OBTx0k!a9O>tjk!apThBc^Ydlouk	U  4GcdlhB_ba9opgBc¼apTSygB_bivhQ¨a9OBTBihQhBihQ	_ba9omk!apTf^¢i¦apOQdlg`a
amkrDivhQ¨kfy`!krhapkllT&drBapOQTgQhQT2fg0krtQ_9xBklcT&xBklobapi¦apidfhQivhQB"¥ivhBklttv^l!apOQij_ÂkltgBT&ij_.y`ivijy`T@yD^apOQTxBk!apO
tjk!apThBc^dlh%a9OQTYgQh0y`Topt^DivhQ  n1hQTas¢&dfo9>apd>dl`amkrivha9OBT¨tjk!apThBc^_ba9opTeapcmOµuWQapkrivhQivhQ>_bRkrtvt,!krtvgQTS_
dl¡tjk!a9TShBce^£_ba9opTeamcmO1R>TSklhB_Va9OBkra>a9OQTcedfhB_ba9opgBc¼apidfh£dr	U  4Bkl_9TSy£dlh a9OQTQivhQhQivhQ_sapopkra9Tf^iv_
cdlhQfo9gBTha¢ia9OapOQT  n a9dlx3dltvdlf^l
¥"ivlgQopT¡_9OQd!¢#_apOQT¡U  4 tjk!a9TShBce^	_ba9opTeamcmOVkf_"k¡gQhBcea9ivdlh<drQapOQThDgQR3TodrU  4 hQd`y`TS_"apTS_ba9T@y
g0_bivhQN#\ , &S¡apdlx3dltvdll^fµN#\ , &¨iv_"kapopklhB_9iTShfa., _ba9gB  ~fa9dlx3dltvdlf^	6¢i¦apO &SflhBdDyQTS_¢OQijcmO	R>d`y`Tt
hBTeas¢dlopD_kf_	k,ÀtvTfTtuOQivTomkromcmOQijcklt.lomkrxQOB_Y¢ia9O _bRkrtvt&yQdlRkrivhB_	cSkrtvtT@y_sapgQB_cdlhQhBTSc¼apTSyD^k
0klcmD0dfhQT¨drtvivhQ`_ckrtvtvTSya9omkrhB_9iTShaS.¡TStvkÂ^`_kropTYkl_p_bivlhQT@ykf_dltvtd!¢#_"lrR_&dloBkfcmD0dfhQTtvivhQ`_
|rR_Ydlo_ba9gB6,¾apopklhB_9iTShfa	tvivhQ`_.krh0yrR_dloiha9omk, _ba9gQy`dfR>klihtvihBD_SU  4 _9iTij__pckrtvTSyD^
kfyQy`ivhQU  4 hQd`y`T@_"a9d¨a9OBT#_sapgQtvTSk!"hQd`y`TS_ivh<a9OQTgQh0y`Topt^DivhQ¨a9dfx0dftdfl^l"NOQTy`TtjkÂ^	dlBa9OBTtivhQ
opdlR a9OQTTh0y ,ÀOBdf_bahBdDyQT&apd¨a9OQT#_ba9gQ<hQd`y`Tij_._bTa.a9d&R_SNODgB_Sr¢OQTh<apOQThgBR3To.drU  4 hQd`y`T
ivhBco9T@kl_9TS_Sra9OBTy`TShB_bias^<dra9OBT¡lomkrxBOihBco9T@kl_9TS_.¢ia9OBdlg`a_9cSkrtvihQ	a9OQTBklcmD3dlhQT¡yQdlRkrivh¥ivlgBo9T 
cdlR>xBklo9T@_apOQTJtvkra9TShBce^1_ba9opTeamcmO1dfo>a9OQTJomkrhByQdlR>t^ cedlh0_sapo9gBcea9T@y U  4 6¢OQTopTJhQd`y`TS_¨qsdfih0_>a9OQT
U 4zk!a#k<opklhBy`dfR x0dfihaivh%apOQT	_9xBklcTlQkl_y`T@_9co9iv3TSyih  ~l-;a9d>apOQT	_sapo9TapcmO%dl`amkrivhQTSy¢ia9Oa9OQT
BihQhBihQ,À0kl_9TSy U  4 cdlhB_ba9opgBcea9ivdlhdlo¡yQi ,TopTha#!krtvgQTS_¡drtvklhBy`Rkrop`_ ¡__bOQd!¢hJivhJa9OQT	©BlgQopTl
apOQT>_sapo9TapcmOy`T@ceopTSkf_bT@_#¢OQTShU  4 cedfhB_ba9opgBc¼apidfh iv_¨Bkf_bT@ydlha9OQT<QivhQhQivhQJ_sapopkra9Tf^lXJdlopTd!fTo@
apOQij_#_sapopkra9TSl^ij_R<dfo9TkfccegBopkra9T¨¢i¦apOR>dfo9TYtjkrhBy`Rklo9`_S
¥"ivlgQopT _bOQd!¢#_apOQT¡_pkrR>Ta9TS_ba.dloapdlx3dltvdlf^	n +µw10 6n"d!¢To., +kÂ¢£w#krhByQdlR 0¨omkrxQO0_  ~ -µ¢ia9O
&rYhQd`y`TS_S.¥QdloTSkfcmOtivhQ>ivha9OBT¡apdlx3dltvdll^<ij_&kf_9_9ifhQTSykopklhBy`dfR y`TStvkÂ^<3Teas¢TTh|	krh0y&SfrR_
    ,  

¥"ivhBkrtvtv^lapOQT 4 +  4¡w yBk!apkJ_9Teaij_gB_9TSya9dJT!krtvgBkra9T<a9OQTtjk!apThBc^_ba9opTeapcmOµ>NOBT 4 +µ 4¡w ij_Ya9OQT
4k!apidfhBkrt!+µkr3dlomk!apdlop^dlo #xQxBtivTSy4#Teas¢dlopVw#TS_9TSkromcmO>¢OQTopT¡kVy`iv_ba9opivQg`a9T@yhQTas¢&dfo9Vdrd!lTSo &Sf
kfc¼apifTVR>dlhBi¦apdlom_¨klo9TVgB_9TSya9d_b^`_ba9TSR>kra9ijcklttv^x0TSobdfo9R _pcmOQT@y`gQtvTSy R>T@kl_9gQo9TSR>Thap_¨3Teas¢TThTSkfcmO
dla9OQTSoS"NklQtvT#~hBdra9T@_"a9OQT#_ba9opTeamcmO<dlouk&Sf¡hQd`y`TU 4 gB_9ihQYapOQT 4 +  4w yBk!apkY_9Tea@  h¥"ifgQopT 
klhBy<NklQtT~Br¢&Tdl0_bTSo9fTkf_ivh¥"ifgQo9T #a9OBkra.a9OQTQivhQhQivhQ,ÀBkf_bT@yVcdlhB_ba9opgBcea9ivdlhdlU 4 iR>xQopd!lT@_
apOQT	_ba9opTeapcmOtjk!a9TShBce^TS_9x0T@ceijkrtvt^¢OBTha9OQThDgQRV0TSodr"tvklhBy`RkropivhBceopTSkf_bT@_
¥"ifgQopT5;\a9opTeamcmOdfo#k , y`iR>TShB_bivdlh0krtµU  4 `a9dfx0dftdfl^N#\ , &"
U&dlhB_ba9opgBcea9ivdlh +µk!apThBc^%\apo9TapcmO
w¡krhBy`dfR }B }l}
/ihµ 	tjkrh0y`RkropD_Y }B ~l~
/ihµ 	tjkrh0y`RkropD_¨~ ~Q 
/ihµ 	tjkrh0y`RkropD_} ~Q¸
/ihµ 	tjkrh0y`RkropD_Y| ~Q &
N"krQtvT	~u\apo9TapcmOJdlhJk , y`ivR<TShB_9idfhBkrtµU  4 g0_bivhQ 4 +  4¡w
XklhD^dra9OBTo¢dlopD_ & &l&}0&Â|`er OBkÂlTkrtj_bdihDfTS_ba9ivfk!apTapOQiv_>xBo9dfQtTSR dr¨TS_ba9ivR>kra9ivhQa9OQT
hBTeas¢dlopy`ij_samkrhBcT3Teas¢TTShkropQia9omkrop^OQdf_bap_¢ia9OQdfg`a&y`ivopTSc¼auR>T@kl_9gQo9TSR>Thap_3Teas¢TTShVapOQTS_9TOQd_sam_
 h  l~ BapOQTVklg`a9OQdfop_¡xQopdlx3df_9Tk_9dltvg`a9ivdlhJdfoopTxBo9T@_bTShfapihB>a9OQT<td`cSk!a9ivdlh0_#dr  hapTophQTea¨OQdf_bap_¡ihk
UklobapTS_9ivklhcedDdfopy`ivhBkra9T&_9^`_sapTRzapd¡6kfceivtiapkra9Ta9OBTT@_sapiRkra9ivdlhdlBapOQThQTeas¢dlopy`iv_bapklhBceT3Teas¢TThVas¢d
klo9Bi¦apopklo9^  ha9TSo9hQTaOQdf_bap_S/kf_bijcklttv^lkl_YT@klcmOtvklhBy`RkrophQd`y`Ty`Te©0hQTS_klhk 1Dij_¨ihapOQTy`iv_bapklhBceT
   >r «    ¯ Q  «    
¥"ifgQo9T .\Da9opTeapcmOdfo#k>, yQiR>Th0_bivdlhBkltµU  4 Qa9dlx3dltvdlf^n +µw10
yBk!apk¡_bxBkfceTfSapOQTBkl_9TS_µR>kÂ^Y3Tcdlopo9TStvkra9T@yµ\DdBÂapOQT&klg`a9OBdlom_xQopdlx3df_9T.a9dxQopdrqsTSceaµapOQTyQiv_bapklhBceT;yBk!apk
_9xBkfceT#ivha9dkhBT¢gQhBcedfo9opTtjk!apTSy>krh0ydlo9a9OQdfldfhBkrt0UklobapTS_9ivklh>cdDdlomy`ih0k!a9T_b^`_ba9TR drRVgBcmO_9R>klttvTo
yQiR>Th0_bivdlhB_S.NOQTYtivhQT@kro&a9omkrhB_bdlopRk!a9ivdlhTS_p_bTShfapivklttv^T1Dapopkfc¼ap_;a9dfx0dftdfl^ivh`dlopRk!apidfhopdlR y`TStvkÂ^
R>T@kl_9gQo9TSR>Thap_µ0Tas¢&TSThtjkrh0y`Rkrop¨hBdDyQTS_krhBy	o9TapkrivhB_i¦a.ivhVk¡hQT¢1cdDdlomy`ih0k!a9T_b^`_ba9TSR"NOQThµ!a9OQT
cdDdlomy`ih0k!a9T¡drkVOQdf_baiv_y`TeapTopR>ihQT@yD^RgBt¦apixQtv^DihBViap_dlopivlivhBkrt,y`TtjkÂ^>lT@c¼a9dfouapdapOQTtjkrh0y`RkropD_
hBdDyQTS_¢ia9Oa9OQTdf`apklihBTSy%tivhQTSkloa9omkrhB_bdlopRk!apidfhRk!apo9i 1
      
 «   « % « 8 « r ¯   #  ¯ Q  « 
\`TopijceTo9TSxQtvivcSk!a9ivdlh iv_Jk1_pckltvklQtvT_9dltvg`a9ivdlhGdfoa9OQTy`ij_sapo9ivQg`apidfh dr<y`ifi¦amkrtYcedfhfapThaJd!lToa9OQT
 hapTophQTea@NOBThQTT@ydfoa9OQij_opTxQtvivcSk!apidfh%ij_cklgB_bT@yD^apOQTivhBceopTSkf_bivhQ<hgBR3Todr  ha9TSo9hQTagB_bTSop_
klhByD^>apOQT¨yQTS_9iopT¡apdVivR>xQopd!lTapOQT d\,D #tj_bd0`i¦aij_&ivR>x0dfobamkrhadloklcmOQivTDivhQkVOQivlO%kÂ!klitjkrQivtvi¦as^
dl;yQk!amkQ	Xklh^Jd!fToptvkÂ^%hQTeas¢dlop`_klo9T	xBo9dfx0d_bT@y krhBy ihB_bapklttvTSy a9do9T@krtviSTa9OBiv_¨opTxQtvivcSk!apidfh_bg0cmO
kf_¨U&dfhfapTha¨ij_sapo9ivQg`apTSy 4¡Teas¢dlop`_ ÀU 4 krh0y n"TTo.,Àa9d , x3TTohQTeas¢dlop`_NOQTVR>d_sa¨iha9TSo9T@_sapihB
klxQxQopdfkfcmOQTS_xQopdlx3df_9TSyJivhapOQTtvi¦apTomk!apgQo9T	dlo¡tvd`ckltiivhQapOQT3TS_baY_9ToplTSo¡kropT	y`^DhBklR<ijcklhByBkf_bT@y
dfh klcea9ivlTR>TSkf_bgQopTS_¡y`gQTapda9OQT<y`^DhBkrR>ijcx3To9dlopR>klhBceTivhJa9OBThQTas¢&dfo9krhByJdfhJa9OQT_9ToplTSop_S  h
apOQij__9TScea9ivdlh3¢&TR<TSha9ivdlh_9dlR>T	ivha9TopTS_ba9ivhQkfc¼apifTkrxQxBo9dklcmOQT@_  dlo¨tvdDcSkrtviSihB>a9OQTV0T@_sa_bTSo9fTo)
apOBk!aamkrfTVivha9d klcScedfgQha¨dfhQTdloYRkrhD^ xBklopklR>Tea9TSop_¨OBkÂDivhQkrhiR>xBkfc¼a	dfhapOQTcedfhfapThaYa9omkrhB_bTo
apiR>Tf
    ,  

 # a9To;xQo9d!DivhQ#apOBk!aapOQTlTdflomkrxQOBivcSkrtltvd`ckra9ivdlhB_krh0y	apOQThgBR3To.dr3OQdlx0_"klo9Tx3ddfoxQo9T@y`ijc¼a9dfop_
dl¡tjk!a9TShBce^fuapOQTkrg`apOQdlom_ivh ( xBo9d!fTa9OBThBTTSy1drYky`^DhBklR>ivckrxQxBo9dklcmOdfo>_9ToplTSoV_9TtvTScea9ivdlh
¥"ivop_baSfa9OBT^>cedlR>xBklo9T3Teas¢TTSh>a9OQT@_bT_bTSo9fTo;_9TtvTScea9ivdlh>x0dftijceivTS_" iu_bapk!apivclf0kl_9TSy>dlhfTdflomkrxQOQijcklt
yQiv_bapklhBceTfivi	_samk!a9ijcrµBkl_9TSydlha9OBThgBR3TodrhQTeas¢dlopOQdfxB_3Teas¢TThcetvivThakrhBy_9ToplTo@ ivivi
yQ^h0krR>ivclf0kl_9TSy<dlhomkrh0y`dlR _bTStT@c¼a9ivdlhdlk	_bTSo9fTo@6i.y`^DhBklR>ivclfBkf_bT@y>dlh>apOQT¡R>TSklhdr &f Q ~B }0
dfo|w"NN R>T@kl_9gQo9TSR>Thap_S"NOBTcedfR>xBkropiv_9dlh>3Teas¢TTSha9OQT@_bTx0dftijceivTS_;dlo_bTSo9fTo_bTStT@c¼a9ivdlhij_y`dlhQT
ivhapOQT¡df`qsTScea9ivlT#dl,R>ivhQivR<iivhQa9OQT¨cedlhapThaua9omkrh0_sTSoua9ivR>Tl.NOQTdlx`apiRkrt3krhByx0T@_9_9iRkltBx3dltvivciT@_
¢OBivcmO kropTapOQTJR>ihQivRgBR krh0y£Rk1`ivRgQR apopklhB_bTo<a9ivR>TS_>dl0_bTSo9fTSy;klo9TJkrtj_9divhBcetvgBy`T@y1ivh a9OQT
cdlR>xBklo9ij_bdfhJ¥ivlgBo9T _9OQd!¢#_YapOQTkÂfTomkrlT<apiR>TapdTeamcmO1krhdf`qsTScea	dlo	T@klcmOdlapOQT©BtvT%_9iTS_
À|` &SB'&Â|`rkrh0y>l¨D^a9T@_;e"NOBiv_u©BlgQopT_bOBd!¢#_.cetvTSkroptv^a9OQT¡0TShQTe©Qa&drky`^DhBkrR>ijcx0dftijce^VTS_9x0T@ceijkrtvt^
¢OBTh%a9OQT	y`d`cgQR>Tha¡_biTYivhBceopTSkf_bT@_
¥ivlgBo9TYu¥BTeapcmONivR>TS_dru\amk!a9ijckrh0y%^DhBkrR>ijcx3dltvijceivTS_xQtvdra9a9T@yklfklihB_bay`d`cegQR>Tha¡_9iSTS_
NOQTShapOQT^_sapgBy`^apOQTxQopdr©QadlcdlhB_9ivyQTopihQ%a9OBT>kÂ!klitjkrQtvT<BkrhByQ¢ivyDapO #tj_9dBapOQT^dl`amkrivh
apOBk!a>apOQTcedlhapTha>TeapcmOBihQapiR>TJiv_yQTSceopTSkf_bT@y£T@_bx3TScivklttv^¢OQTh a9OBT y`d`cegQR>Tha_9iST%ivhBceopTSkf_bT@_
NOBTivo#y`TfTtvdlx3TSya9dDdltÀ3Unuw#W / &QR>TSkf_bgBo9T@_;apOQT	kÂ!krivtvklQtvTBklhBy`¢ijyDa9OJgB_9ivhQk>y`Te6klgQt¦a#xBo9dfQihB
d!fTopOQTSkfykrxQxQopd 1`iRkra9Ttv^T 2gBkrt&a9d   	
 klhBygQx1a9d "_9TScedfhByQ_dr¡R>TSkf_bgBo9TSR<TSha	a9ivR>Tl
NOBTopTedlopTl0a9OBT^opTScedfR>R<TShByJapOBk!aa9OQT>y`^DhBkrR>ijcVklxQxQopdfkfcmO%dfo¨_9ToplTSo_9TtvTScea9ivdlh RVgB_sakÂldfivyJivh6,
qsT@c¼apihQ%k>OQifOkrR>dlgQha¡dl"xBo9dfQihB^apTS_apda9OQThQTeas¢dlop,&NODgB_S`a9OQTS^©0hQiv_9OD^xQopdlx3df_9ivhQ>a9OQT
WhBTSn"TomceTShfax3dltvivc^dlo3TS_ba_9ToplTSo_9TtvTScea9ivdlh.NOQij_x3dltvivc^cedfhB_bij_bap_drcmOQdDdf_9ihQa9OQT	_9ToplTSo;apOBk!a
   >r «    ¯ Q  «   
O0kÂlTapOQTR>ivhQivRgQR opdlgBhBy>a9opivxa9ivR>Tdfhiap_xBk!apO¢ia9Oa9OQT¨o9T2gQTS_ba9T@ycetviTShaS.NOQT^R>T@kl_9gQo9T¡a9OQT
opdlgBhByapo9ivxapiR>Tkl_xQgBop_9gQT
"©BtvTS_gBhBy`To    	^apTS_opT 2gQivo9T¨k<_9ivhQltvTxBihQ0D©BtvTS_gQhByQTo !   
D^a9T@_¨o9T2fgBiopTapOQTR>TSklhdl;as¢d%xQivhQ_Tapc<gQha9ivt    D^a9T@_krhBykrtvta9OQT>tjkroplTSo¨y`d`cgQR>Thap_
opT 2gQivopTVapOQTR>TSklhdr  xQivhQf_S\Dd0µapOQT^xQopdlx3df_9T>a9dgB_9Tk!aR>d_sa	dfhQTxQivhQx0TSo   YD^a9T@_Ya9d
3TapopklhB_sTSo9opTSy&§GOQivtvTVk>x3dltvivc^%tvifTa9OBT<WhQTSn"TSopcThacklhJ0TVTe¤ceivTha¡ivhJa9TSo9Rdr.opTSy`gBcihBa9OQT
xBo9dfQihBJcdf_baSR<T@kl_9gQopihQJwNN cSkrhhQdla	xQo9d!Dijy`T>krtv¢kÂ^`_YkrhklcScegQomk!apT>0T@_sa_9ToplTSoY_9TtvTScea9ivdlhkl_
df`apklihBTSy%ih ¸l| 
 h  &S À"apOQT%klg`a9OQdfop_	gB_bTkJa9T@cmOQhQi 2gQT¢OQijcmO£cedfRQivhQT@__9ToplToxQgB_9O1krhBy1cetviTShfaVxQo9df0Tkrx6,
xBo9dklcmOQT@_;apdivyQTha9i^apOQT	3TS_ba¡_bTSo9fTo@uNOQT	_9ToplToxBgB_bOapTScmOQhQi 2gQT	cedfhB_9iv_bap_ivha9OQTV_bTSo9fTo_bTShBy ,
ivhQa9dJcetviTShfam_¡dfo¡apd% 4\_bTSo9fTom_OQij_YcegQopo9TShax3To9dlopR>klhBceTih`dfo9Rkra9ivdlh TSlTop^%a9ivR<TVa9OBTopTVij_k
cdlhB_9ijy`TomkrQtvTVcmO0krhQfTivh a9OBiv_Yx3To9dlopRkrhBcTl	NOQT>cetviTShaYxBo9df0TVa9T@cmOQhQi 2fgBT<cdlhB_9iv_bap_¨ivh apOQTcetviTShfa
R>T@kl_9gQo9ivhQa9OQTxBkra9O0Tas¢&TSThi¦aklhBykJ_9ToplToYkl_dfo¨T 1QkrR>xQtvTVapOQT>R>TSkl_9gQopTR>ThaYdr&a9OQTkÂ!krivt-,
klQtvTBkrh0y`¢ivy`a9ONOBiv_VOD^Bo9ijy_bdftgQa9ivdlhopT 2gQivo9T@_ih0_samkrtvtvkra9ivdlhdr#xBo9d 1`ivTS_YapOBk!a>klc¼a<kl_	xBo9dfQihB
kllTShfam_¨¢OQTopT<kxQopdlBihQJkrfThaYiv_kcetvgB_ba9To _y`TtvTk!a9Tf &ukfcmOxBo9dfQihBkllThacmOBkromklcea9TSo9iT@_¡iap_
x0k!a9O0_Y¢i¦apOapOQT>o9TSxQtijckra9T@y_9ToplTSop_S,ihB_ba9T@klydr&kfcmOQivTDihBapOQiv_¨amkl_9 D^Ja9OQTctivTham_µkltdfhQ¢ia9O
opTScTivDihQx0TSo9RkrhBTha9tv^<a9OQTx0TSobdfo9Rkrh0ceT¡dla9OQT¨opTxQtvivcSk!apTSy_9ToplTom_SN"krQtvT¡}<cedlR>xBklo9T@_u3Teas¢TTSh
apOQij__9cmOQTSR>TluapOQTJhQTSklo9T@_sa_9ToplTo>_pcmOQTR>T Bkf_bT@y1dfh£a9OBThgBR3To>dr¨OQdlxB_¼krhBy1a9OBTomkrh0y`dlR
_9TtvTScea9ivdlh_pcmOQTR>Tf"NOQT¨kÂlTSopkllTkrhBya9OQT¨_samkrhByQklopy>y`TSDivkra9ivdlhdrapOQT¡opTS_9x3dlhB_9Ta9ivR>Tklo9T#opTx3dlo9a9T@y
ivh>a9OBT#apklQtvT#a9dV_bOQd!¢ OQd!¢ a9OBiv_&OD^Bo9ijy_9cmOBTR>T#dlgQa9x3To9dlopR>_.a9OQThQTSklo9T@_sa;_9ToplTSo;krhBy<apOQT¡omkrh0y`dlR
_9TtvTScea9ivdlhJ_9cmOBTR>TS_S
\DTSo9fTo_9TtvTSc¼apidfh ¡tfdlopi¦apOQR  lTSopkllT¨wTS_9x0dfhB_9TYNivR>T6_9TScl  \amkrhByBkromy%TDijk!a9ivdlh 6_9TScl 
#^DQopivy_pcmOQTR>T B } Q (l
4#TSklo9T@_sa¡\DTSo9fTo &f'&Â ` }
w#klhBy`dlR Q'&@~ (Q  (
NklQtvT¨}un"To9dlopR>klhBceT¨dr._9ToplTo_9TtvTSc¼apidfh_pcmOQTSR<T@_
Nd0T%_9cSkrtjkrQtvTl"kxQopd 1D^hQTT@yQ_Ya9d3TivhB_bapkrtvtvTSydloTSklcmOhQT@kropD^_bTa	dr#cetvivThap_S /kf_bT@ydfh
apOQTR>TSkf_bgQopTSycmOBklopkfc¼a9TSo9ij_ba9ijc_dra9OQTxBkra9Okrh0y apOQT_bTSo9fToYx3To9dlopR>klhBceTfa9OBTxQo9d 1`^T@_sapiRk!apTS_
apOQTJa9omkrh0_sTSoVapiR>TJopdlR k_9ToplTSo>klhBy cedlh0_bijy`Tom_Va9OQij_T@_sapiRk!apTkl_>T 2gBklta9d¢OBkra<apOQT cetvivThap_
tvd`ckra9TSy0TSOQivhByia¢&dfgQtjy OBkÂfTVdf`apklihQT@y /g`a@a9OQT>xQopd 1`^JTS_ba9ivR>kra9T<dr&a9OQT<a9omkrh0_sTSo¡apiR>Ty`dDTS_
hBdra¡hQT@ceT@_9_pkropitv^cdlopo9T@_bx3dlhBy%apda9OQTVklc¼apgBkrtµa9omkrhB_bTo#a9ivR<Ta9dapOQTVctivTha@BTfThJapOQdlgQfOJa9OQTxQo9d 1`^
klhByapOQT>cetviTShfa	cSkrh 3T>hQTSklo9D^Jtd`cSk!a9T@y	  R>iv_9Rk!apcmOcklhkrxQx3TSkloivhckl_9TS_¢OQTShk%0dlaba9tvThBTScm
tvivhQ,¢OBivcmOij_uOBifOQt^cdlhQfTS_ba9TSy>dfo&O0kl_;kOQivlOxBkfcmlTa;td_9_;opkra9T 6Tl Bv`k	¢ivo9TStT@_9_;tivhQ¼DT1`ij_sam_udfh
apOQT	_9ToplTo,&ctivThaxBk!apOJ¢OQitvTia¡y`dDTS_hQdla#T1`iv_badlh%a9OQT	_9ToplTSo ,uxQo9d 1`^xBkra9O
!  ,  

 h  ~ &  uapOQT krgQa9OQdfop_>ijy`Thapi¦^1a9OQT3TS_ba_bTSo9fTo<gB_9ihQ£k_9TeadrYtjkrhBy`Rklo9RklcmOBihQT@_>¢OQijcmO
klo9TlTSdllomkrxBOQivcSkrtvt^<y`ij_sapo9ivQg`apTSyuNOQij_xQopdlx3df_pkrt3o9T2fgBiopTS_;a9OBkraa9OQTYcetviTShaklhBy_9ToplTSop_&y`TeapTopR>ihQT
apOQTivo	y`TStvkÂ^fTSc¼apdlom_¡D^ R>T@kl_9gQo9ivhQ%a9OQTSio	wNN a9dkJ_bTaYdl&tjkrhByQR>klo9x3dlivhap_S/^ DhQd!¢ivhQ%a9OQT
BihB_VdrapOQTctivThaVklhBy£_9ToplTSop_6Bkl_9TSydfha9OBTivoVy`TStvkÂ^lT@c¼a9dfop_¼"apOQT% 4\_9ToplTSocklh1cetjkl_p_9i¦^
apOQT>_bTSo9fTom_  opdlR apOQT>0T@_sa¨a9d%a9OBT<¢dlom_ba0kl_9TSydfh a9OBT>yQiv_bapklhBceTV0Tas¢&TSTh apOQTivoYQivhB_krhBy a9OQT
ctivTha _YdfhQTl\DivR<ivtjkropt^fgB_9ihQ%a9OBT #dra;>R<Ta9opivc ¾y`TS_pceopi3TSyivh\`TSc¼apidfh~B Q #dfo¨a9OQTcklobapTS_9ivklh
yQiv_bapklhBceTfBapOQT<_9TtvTScea9T@y _bTSo9fToiv_¡a9OBkraiap_¨TS_ba9ivRk!apTSy y`ij_bapkrh0ceT¢ia9Oa9OQT<cetviTShaij_¡apOQTR>ivhQivRgQRJ
NODgB_SgB_bivhQa9OBTtvklhBy`Rkrop£krxQxBo9dklcmOapOQT cetviTShay`dDTS_>hQdla>R>T@kl_9gQo9TapOQTx0TSobdfo9RklhBceTdr¨a9OQT
x0k!a9O0_uapOBk!ativhQ>i¦aa9d	a9OQTY_bTSo9fTom_.Qg`aopkra9OQTSo;dla9OQd_bT¡a9OBkra&tvihQ>ia&apd	apOQT¡tjkrhByQR>klo9<x3dlivhfam_.NOQT
yQopkÂ¢BkfcmJdr;apOQij_0TSOBkÂDidfockrh3T<dfB_9ToplTSyihapOQTckl_9T>¢OQTopT>kctivThaklhBykJ_9ToplTSoOBkÂfT<k
_9OQdfoba¡y`TStvkÂ^xBk!apOJa9d>a9OBT	tvklhBy`Rkropx3dlivhap_¢OBitvT	hQdla#OBkÂDihQ_9gBcmOk_9OQdlo9a¡y`TtjkÂ^xBkra9O3Teas¢TTSh
apOQTRJXJdfo9TSd!lTSoS0OBkÂDihQk%_9OQdfobaYy`TtjkÂ^JR>kÂ^JhQdla¨3T>ThQdfgQlO a9ddl`amkrivhkfdDdDya9omkrhB_bToa9ivR>Tl
_9ivhBceT¨drapOQToxBkromkrR>Ta9Tom_ckrhiR>xBkfc¼aa9OQT¨x3To9dlopR>klhBceT¨kl_¢Ttvt¾`kl_;a9OBTYkÂ!klitjkrQtvT¡0krhBy`¢ijyDapO%krh0y
apOQT	_9ToplTotvdfkly
¥"ivhBkrtvt^f!a9OBT#krg`apOQdlom_µivh  f|Qy`T©BhQTk¡R>Ta9opivc&a9O0k!aucedfo9opTS_9x0dfhByQ_µa9dk¨xQopTSy`ijc¼apidfhdr0a9OQTcdlha9TShfa
apopklhB_bTo¨a9ivR>TVopdlR kJ_9ToplTSo¡apd%apOQTcetviTShaYg0_bivhQJN¡Un#/kf_bT@y dfh a9OBiv_YR>Teapo9ijcra9OQT_9ToplTom_¨kropT
omkrhBlTSyo9dfR a9OQT>3TS_baYdfhQT<a9d%a9OQT>¢dlom_sa¨dlhQT>opTkromy`ihBa9OQT>opT 2gQT@_sapTSyctivTha@VNOQT>dlopivlivhBkrtvi¦as^
dla9OQij_R>Tea9opijc#ij_&ivhapOQT¡6kfc¼aa9OBkraiacedlh0_bijy`Tom_.apOQTYceopi¦apivcSkrt0cmO0kromklc¼apTopiv_ba9ijc_udrapOQTx0k!a9O0_;3Teas¢TTSh
_9ToplTSop_¡krhBy ctivTha¨a9dflTeapOQTo¢i¦apO apOQT<_9ToplTSo¡tvdfkfy¨NOBiv_xQopTSy`ijc¼apidfhgQhBcea9ivdlhivhBcdlopx0dfopkra9TS_#a9OQT
opdlgBhByVa9opix>apiR>Tlfa9OBT#xBklcmfTeautvdf_p_.omk!a9TffklhBy<a9OQTkÂÂklitjkrBtTBklhBy`¢ijyDa9Odfh<a9OQTxBk!apOkl_.¢TtvtBkl_ua9OQT
Rk 1DivRgBR±opTScTivivhQ¢ivhBy`d!¢4tivR>i¦amk!apidfh#NOQT	T 1Dx3TopivR<TShapkrta9omklceT@_lTSo9i^%a9OQTkfccgQopkfce^%dra9OQT
apopklhB_bTo#apiR>TVxQo9T@y`ijc¼a9ivdlh dlo¡!klo9ivdlgB__biTVcedlhapThap_krhByJapOQT<hQTScTS_p_bias^%dluTSkfcmOgB_bT@yxBklopklR<Ta9TSo
kf_¢&TSttÀ
¥"ivlgQopT &@_9OQd!¢#_#apOQT>klccgQomklce^Jdl.a9OQT<a9omkrh0_sTSo#a9ivR>T>xQo9T@y`ijc¼a9ivdlh dlo  %_bRkrtvt_biT>cedfhfapThap_
60Tas¢&TSTh     klhBy "   	<fkra9OQTSo9T@y ih*\`dlxQOQijk£ ¡hfapix3dltvij_opdlR }£ apx _bTSo9fTom_>td`cSk!a9T@yGivh
UklhBklyBkQ`n"dltjkrhBy  amkrtv^lQkrh0y4¡Tea9OBToptvklhByQ_S  h%a9OBiv_©BfgQopTlDTSkfcmOx3dlivhfaij_a9OQTkÂfTomkrlT¡o9T@_bgQtadr
apiR>T@_©BtvTapopklhB_bTo¢OQijcmOklo9TYfTop^xQo9dfBkrBt^kfcmOQivTlT@yivha9OQT	_9td!¢*_samkro9axBOBkl_9Tl
NdVxBo9d!fTa9OQT¨¢TSkrDhQT@_9_;drapOQTxBo9T@y`ivcea9ivdlh0kl_9TSydfha9OBTfTdlfopklxQOQijckltQxQopd 1DivR>i¦as^ffhDgQRV0TSo&dl
OBdlxB_	OQdfxB_;¡krhBy TlTShwNNYBapOQTVklg`a9OBdlom_#xQopTS_9Tha#apOQTdfttvd!¢ivhQ_9cThBklo9ivdkctivThaivh\DdlxBOQivk
 ¡ha9ivx0dftij_;uy`d!¢hQtvdfklyB_ukY©BtvT#dr_9iST    4opdlR as¢&d_9ToplTSop_	 
   ivh /ToptvihukrhBy   
6ih nkropiv_	y`gBo9ivhQkcedfhQlT@_sapTSyx3Topid`y ¡_>_9OQd!¢hivh N"krQtvT|Q    >ij_<cetvdf_9ToVa9d apOQTJcetviTShfa
apOBkrh 
   iha9TSo9R drlTdflomkrxQOBivcSkrtxQopd 1DivR>i¦as^fhDgQR3TodlOBdlxB_klhByw"NNYµ§GOQitvT>a9OBT0T@_sa
_9ToplTSou_bTStT@c¼apidfhBkl_9TSy>dfh>a9OQT@_bTxBkromkrR>TeapTom_.Rg0_sa;3T    Âfa9OQT¨_bTStT@c¼a9ivdlh0kl_9TSy>dlh>apOQTivo&n;NN
¾n.opTSy`ijc¼apTSyNµomkrhB_bToNivR<T=.gBhBc¼apidfh%ij_ 
   ¢OQijcmOij_;apOQTcedfo9opTSceacmOQdfivcT¡lTSo9i©BT@yD^>a9OQTYopTSkrt
   >r «    ¯ Q  «   
apopklhB_bTo#apiR>T 6wT@NN ¼,NOQT^Jdl0_bTSo9fTivh3dra9Oy`d!¢hQtvdfklyB_;&apOBk!aa9OQT>y`d!¢hQtvdfkfy%omk!apT	dlQapkrivhQT@y
kr a9TSo;y`ivijy`ivhQapOQT#©BtvT¡_9iST#D^	apOQT#apopklhB_sTSo.a9ivR>Tliv_;tivR>i¦apTSyD^  6kÂ!klitjkrQtvTBklhBy`¢ijyDa9Oe.NOg0_
apOQT#fdd`y<x3To9dlopR>klhBceTdl,a9OQTSio&xQo9T@y`ijc¼a9ivdlhivh>a9OBiv_&_9cThBklo9ivdYiv_&ckrg0_bT@yVD^Va9OQT#6klc¼a;a9OBkra;a9OBT" "
gBhBc¼apidfhJcdlhB_9ijy`Tom_&a9OQTtviR>iapkra9ivdlhJdra9OQT	kÂ!krivtjkrQtvT0krhBy`¢ijyDapO
NOQTSha9OBTkrg`apOQdlom_>xQopd!lTa9O0k!a%cdlhB_9ivyQTopihQapOQTkÂ!krivtvklQtvT0krhBy`¢ijyDapOGiv_hBdra%_9g`¤ceivThai
  6Rk1`iRVgQR N¡Un¢ivhBy`d!¢G_biTiR>x3df_9TSyD^Va9OQTY_9ThBy`TSo;dfoua9OBT¡opTSceTSifTo)"iv_&hQdla;apkllTShiha9d
kfccdlgQha.ih<apOQT#xQopTSy`ijc¼apidfh<gQhBc¼apidfh.NklQtvT (_9OQd!¢#_"apOQiv_;ckl_9Tlf¢OQTopTa9OQT#a9omkrhB_bTo.ij_uklcmOBiTSlTSyVivh
apOQT	cedfhQlT@_sapidfh%kÂfdlijyQkrhBcTxBOBkl_9T¨dloa9OBT	y`i ,TopTha#tjkroplTYy`d`cegQR>TShfa¡_9iTS_cdltvtT@c¼apTSyo9dfR  
  
6ih /TSo9tvih Va9dapOQTcetvivTha ivh \DdfxQOQijk #ha9ivx0dftij_¼ ¡gQopivhQa9OBTS_9T cedlhBhQTScea9ivdlhB_Sa9OQT R>T@kl_9gQo9T@y
x0kromkrR>TeapTom_OBkÂlTapOQT#dfttvd!¢ihBÂkltgBTS_"	 Gij_&T 2gBkrtQa9d ! " #  "    f!xBklcmfTea;tvdf_p_.omk!apT 
 ij_uT2gBkrt
apdTSo9d00klhBy   ij_#T 2gBkltapd       	
 f&NOQTS^%dfB_bTSo9fTYa9OBkra¡apOQTVy`d!¢hBtdklyopkra9T	df`apklihBTSy
kr a9TSo¨y`ivDivyQihQ%TSkfcmOJ©BtT<_biTVD^iap_apopklhB_sTSo#apiR>Tl,ij_¡tvivR<ia9T@y D^   '   
     
 
&  " "
6T 2gBklta9d  ! # !  	=	TSlTh apOQdlgBlO a9OQTSo9Tiv_R>dfo9T kÂ!krivtjkrQtvTJBkrhByQ¢ivyDapO dlh apOQT xBkra9O krh0y k
hBTltvivlivQtT¨xBkfcmlTeatd_9_omk!apid0"NOQij_ij_cSkrgB_9TSyD^>a9OQT_9ThBy`ivhQ<¢ih0y`d!¢ tviR>iapk!apidfh%¢OBivcmO%iv_amkrlTSh
ivha9d klccdlgQhaivhGapOQTxBo9T@y`ivcea9ivdlhGgBhBc¼apidfh NODgB_SapOQT¢ivhBy`d!¢[_9iSTtviR>iap_%a9OBT a9omkrh0_bR>ij_9_9idfh
omk!apT	apdRg0cmOtvTS_p_#apOBkrha9OQT<R>TSkl_9gQopTSyJBklhBy`¢ijyDa9Odlha9OQT<xBk!apO 3drabaptTShQTScm,¢OQijcmO ij_¨T 2gBkrta9d
 # !     f
 # a9To¨_bOBd!¢ihQ>apOQT	ceopia9ijckrtµiR>xBkfc¼a¡dl"apOQT	kÂ!krivtvklQtvTBkrhByQ¢ivyDapOivh NklQtvT|
krh0ya9OQT	Rk 1 ,
ivRgBR _9ThByQihQ1¢ihByQd!¢ _9iT 6ih N"krBtT ( >tviR>iapk!apidfhB_dfh a9OQTa9omkrhB_bToa9ivR<TxQopTSy`ijc¼apidfha9OQT
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  50  100  150  200  250  300  350  400
T
ra
ns
fe
r 
T
im
e 
(in
 s
)
File size (in KB)
PTT
ReTT
¥"ivlgQopT&SNomkrhB_bToa9ivR>T	xQopTSy`ijc¼apidfhdfo#_bRkltt_9iSTcedlhapThap_
   ,  

 
       OQdfxB_ &S~ &S
w"NN } &YR_ r~VR_
  &SXJQxB_ XJQxB_
n  
nuNN (lB ~fV_ r|Q'&Â_
wT@NN (f~>_ V_
\ !wT@NN Q¸|ll~<XQxB_ ` rf<XJQxB_
NklQtT	|uNµomkrhB_bToapiR>TxQopTSy`ijc¼apidfh%¢OBTh   tivR>i¦am_a9OBT	y`d!¢hQtvdfklyopkra9T
nuNN ivhJ_ wT@NN ivh_; \ !wT@NN 6ih XJQx0_;
|` }X/ ~Q f| } &@Q 
&}B (l~>X/ Q l & & &@Q (r}
l|`¸ (>X/ &(Q   &  & &l¸r~
( (>X / }f~Q (l }| & &l !~
f|`  &X/ (l~Q &( (r} & &l  
&SfQ r}<X/ (D (l~ (  &Â` l~
N"krBtT (.NopklhB_bToa9ivR>TxQopTSy`ijc¼apidfh%¢OQTSh >tviR>iap_apOQT	y`d!¢hQtvdfkfyomk!apT
   \ Q r|lX / w"NN ~  &f f~lrR_ n Q l~
  |` lXJQxB_   }|   & &@|Q f~rDQxB_
nuNN (  l_ w#TSNN r &S_ \ !w#TSNN & &S~B ÂDQxB_
     
	\ &@Q (r}DX/ w"NN  (<R_ n Q r}
  (B (XJQxB_    }|   ~!B'&Â| (lBxB_
nuNN l~f|Q ~f~r}f_ w#TSNN l~ll_ \ !w#TSNN ~ (r}0  llBxB_
N"krBtTuNomkrhB_bToa9ivR>TxQopTSy`ijc¼apidfh%¢OQTSh  tviR>iap_apOQT	y`d!¢hQtvdfkfyomk!apT
  ¯!u¯ 8 ¯ 0¬  -" «  «   « µ   . Q@$ «  « Bµ «   
klg`a9OBdlom_;xQopTS_9ThaihJN"krQtvT	ka9omklcT¢OQTSo9Ta9OBTY_9ToplTSo  _&R>k 1`iRVgQR _9ThBy`ivhQ<opkra9T¨iv_opTSy`g0ceTSyy`gQT
apd%khQdlh6, hQTSltvifiQtvTx0klcmlTa¡tvdf_p_¡omk!apTlYNOQiv_¡a9omklcTij_#apOQT<o9T@_bgQtadl>©0tT@_#apopklhB_sTSo¡opdlR ¥"Nn
_9ToplTSop_ dfhQT<td`ckra9T@yivh ¡dlhQ, dlhBkrhBykrhBdra9OBToYihn"dltjkrhBy#apdapOQTTh0yOQd_saYivh\DdfxQOQijkJ #h6,
apix3dltvij_¡gBo9ivhQ>a9OBTS_9TcedfhQhQTScea9ivdlhB_S`apOQT	!krtvgQT	dlapOQT	xBkfcmlTea#tvdf_p_omk!apTiv_#_9ivlhQi©0cklhaS  aiv_cetvTSkro
ivhN"krQtvT¨a9O0k!a;apOQTYy`d!¢hQtvdfkly>omk!apT¡df`apklihQT@yDk! a9TSoy`iDijy`ivhQT@klcmO©BtvT_9iT¡D^>iap_&a9omkrhB_bTo;a9ivR>Tl
ij_¨tivR>i¦apTSyD^  6cdlhB_9ijy`TopTSykl_¨k6kfc¼a9dfoYdruapOQT<N¡Un4kÂlTSopkllTYapOQo9dfgQlOBxQg`aYiha9OQT>cedfhQlT@_sapidfh
kÂfdlijyQkrh0ceT<xQOBkl_9T?¢OQivcmOij_tvTS_p_Ya9O0krha9OBTkÂ!krivtvklQtT0krhBy`¢ijyDapOdlha9OBTxBk!apO£krhByapOQTtviR>ia9TSy
omk!apTivR>x0d_bT@y^  BuNOg0_DapOQT_bTShBy`ivhQ>opkra9TYtivR>i¦amk!apidfh%ij_#cklgB_9TSyD^apOQTxBkfcmlTeatvdf_p_opkra9Tl
kf_i¦a#ij_cedfhB_9ivy`TSo9T@yivh%a9OQTxQopTSyQivcea9ivdlhgQhBcea9ivdlh
/g`a@BapOQTklcScegQomklc^dra9OBTa9omkrhB_bTo#a9ivR<TxQo9T@y`ijc¼a9ivdlhJopT 2gQivo9T@_a9OQTR<T@kl_9gQopTR>Tha#dr.kÂ!krivtvklQtvT
0krhBy`¢ijyDapOBwNNY0klhByxBklcmfTeatd_9_omk!apTl&XTSkl_9gQopihBapOQTkÂ!krivtvklQtvT¨0krhBy`¢ijyDapOJkfccgQopkra9TSt^RkÂ^
O0kÂlTkrhT 1Dx0krhB_9ifT	ced_sadfo¡krxQxBtijckra9ivdlhB_dlu_bOQdfoba¡yQgQopkra9ivdlhNODgB_SQa9OBT	xQopdlx3df_9TSyJ_bdftgQa9ivdlhcklh
3TR>dlopTg0_bTgQtdlo#klxQxQtvivcSk!apidfhB_drtdfhQ>y`gQomk!a9ivdlhJ_9gBcmOkf_y`d!¢hQtvdfkfy`ihBVtjkroplT©BtvTS_S
  		
 % !#%$&   %  - e	  3%"1
Nd£y`T@_9co9iv0TJapOQTapdlx3dltvdll^ drkhQTeas¢dlop£xBkf_9_9ivlTtv^l¢T hQTT@y kxBkl_p_9ifT%apdDdltapd£R>dlhQia9dfoa9OQT
T 1`iv_ba9ivhQapopkr¤cciomcegBtvkra9ivhQ	ivh>a9OQThQTeas¢dlopVkltdfhQ¢i¦apOkrhivh`TSo9TShBceT¡klopcmOBi¦apTSc¼apgQopT 6_9TT¡¥"ivlgQopT&?
¢OBivcmORkÂ^ihDfdltvlT¨R>klhD^drapOQToTShQlivhQTS_S
¥"ivop_baSQ¢T¨0TSlivh¢ia9Oklh%d!fTopivT¢GdfhapOQTYxBkl_p_9ifTR>TSkf_bgBo9TSR<TShaapdDdltj_&T 1`iv_ba9ivhQ>ihapOQTYtia9TSo,
kra9gQopTapdOBkÂfT#krhijy`TSkdlh>apOQT¡T 1Dij_ba9ivhQxBkf_9_9ivlTR>TSkf_bgQopTR>TShfa&R<Ta9OQd`y`dftdflivTS_&krhBy>apOQT¡R>T@kl_9gQo9T@y
cmO0kromklc¼apTopiv_ba9ijc_S1NOQTSh¢&Ty`T@_9co9iv0TapOQTJR>klih xBkf_9_9ivlTJkrxQxQopdfkfcmOQTS_¢OQijcmO ivh`TSo>a9OQTJhQTas¢&dfo9
apdlx3dltvdlf^gB_bivhQ<a9OBT	y`TS_pceopi3TSya9dDdftv_kf__bOQd!¢hivhJ¥"ivlgQopT& &f
         #" "%
  x0kl_p_bivlTa9dDdltkrhBklt^T@_hQTeas¢dlop>a9omk!¤c¨D^%cedfttvTScea9ivhQ>xBklcmfTeam_;apopkÂfTom_bivhQ<kVhBTeas¢dloptivhQ,Qdfok
_9¢iapcmO  !o9dfg`a9TSoyQTDivcTl.NOQTR>TSkf_bgBo9TSR<TSha;ckrh>3T#gB_9TSyVdlo&_bOQd!¢ivhQYhQTas¢&dfo9apopkr¤cihopTSklt-,Àa9ivR>T
dfoudfo&krh0krtv^ SihBYa9OQTa9omk!¤cd
+, tivhQT¡kr a9TSo_pkÂDihQYapOQT¡R>T@kl_9gQo9T@yyQk!amkQ;WB_9TopDihQ	klhBykrh0krtv^ SihB
apOQThQTas¢&dfo9apopkr¤ckropTivR>x0dfobamkrhadloih`TSo9opivhQa9OQT hBTeas¢dlopa9dfx0dftdfl^£krh0y dlx`apiR>iivhQa9OQT
cdlR>RgBhQivcSk!apidfhxQo9dla9d`cedftv_SNOQTopT¡kropTas¢dRkrivhDivhByQ_&drxBkf_9_9ifTa9dDdftv_" 6iua9dDdftv_ua9OBkraklo9T#g0_bT@y
dfo¡R>dlhBi¦apdlopihQ%xBklcmfTeam_a9omkÂlTSop_9ihBhQTeas¢dlop%ivha9TSob6kfceTS__bg0cmOkl_Ncx3y`gBR<xµ  n;XW 4 a9dDdltj_,krh0y
RVgQta9i-V ivia9dDdftv_apOBk!aYkropTgB_9TSydloxQopd!ijy`ivhQ>o9dfg`a9TSo  r_b¢iapcmO%a9omk!¤c	_bapkra9ij_sapivcS_¡_9gBcmOkl_¨\64Xn
klhBy 4#Tea Bd!¢*a9dDdltj_
 %  ,  

Scanning
  Flows
  Data 
  Flows   
my SQL
Graph or
visualization Data
Round Robin
Register
logged by a passive tool
reel time scanning stored in data base
Query Result
Passive Approach
describes
Network topology
input
¥"ivlgQopT& &
.nkromklyQifR drn"kf_9_9ivlTY #xQxQopdfkfcmO
      Q@$ «  « Bµ «  «  < ¯¯ 8  
N"cex,y`gQR>x%iv_Vk x3d!¢&TSobgBt.a9dDdlt&a9O0k!a<klttvd!¢#_gB_	a9d_bhQi hQTeas¢dlopxBkfcmlTap_	klhByRkrfT_bdfR>T
_bapkra9ij_sapivcSkrt3krhBklt^`_9iv_;dlg`adrapOQdf_9T¡y`gQR>xB_S&WhBcT#a9OBT_bapk!apiv_ba9ijc_kropT#df`apklihQT@ya9OQTS^ckrh0TtdfllT@y
apd3T>gB_bT@ytjk!a9TSoS /kl_9ijckrtvtv^l3i¦a	cedfhB_9iv_bap_druxQgQaba9ivhQkhBTeas¢dlop%ivha9To96klcT6i¾ Tlv/&apOQTophQTea@¥"i3To
ij_sapo9ivQg`apTSy ¨k!amk  ha9To96klcT6¥¨  e&apdlfTh6, o9ivhQ0klhBy tdDdfxQBklcm ihapTo96klceT@_;Vapd£xQopdlR>ij_9cgQdlgB_
R>d`y`T<krhByckrxQa9gQopTV_9TtvTScea9ivlT	omkrR>T@_¡xBkf_9_9ivhQD^i¦akl_¨_9x0T@cei©BTSy^apOQTVg0_bTSoSY¥"ifgQo9T &@_bOQd!¢#_
apOQTY¢kÂ^<apOBk!aapcx3yQgQR>xopgQhB_gB_9ivhQ/\`znkfcmlTea¥"ita9TSo  /nu¥ &¢OQijcmO%ij_&a9OQTy`opifTodro9T@ceTivDihB
cdlxQivTS_ drapOQT_9Thakrh0yJo9T@ceTivlT@yxBklcmfTeap_;o9dfR apOQT	Ta9OQTSo9hQTay`TSijceTVy`o9ivlTSoSNOQT	gB_9Tockrh _9Tea
k©Bta9ToY_9ddlhQtv^JihapTopTS_ba9ivhQxBkfcmlTeam_#fda9OBo9dfgQlOJapOQT YTSo9hBTtµgBx a9da9OQTVgB_9To¨xQo9d`cTS_p_\ * 4 WY\
g0_bT@_ 4¡Teas¢dlop  hfapTo96klcT<N"krx  4  N ¢OQijcmOdlhQtv^ krtvtd!¢#_¡a9dJcklx`a9gBo9T<xBklcmfTeam_¡opTScTivlTSyo9dfR[a9OQT
ivha9TSob6kfceT	QgQa¨hQdxBklcmfTeap__bTShaD^a9OQTVOQdf_baSY\ * 4 WY\%apcx3y`gBR<xy`dDTS_#a9OQTV©Bta9TSo9ivhQkra¡a9OBTVgB_9To
xBo9d`ceT@_9_tvTfTt¢OQijcmOJR<T@krhB_apOBk!a#R>dfo9TYyQk!amk<ldDTS_apOQo9dfgQlO%a9OBTlTophQTSt¾
¥"ivlgQopT&@5.nklcmfTea©Bta9TopivhQ>gB_bivhQ/nu¥
N"cex,y`gQR>xO0kl_#kopijcmOT1`xQopTS_p_bivdlhJ_b^Dhapk 1%apOBk!a¨krtvtd!¢#_apOQTg0_bTSoa9d_9TtvTSceadfhQt^a9OQd_bTxBklcmfTeap_
hBTSceT@_9_pkrop^%a9dapo9dfgQQtvTS_9OQdDdraYkxQopdlBtTSR &u_9x3TSceijkrtvtv^dlhapOQT©0o9TS¢klttÀ,¢OQTopTx3df_p_bivQtv^Ja9OQdfgB_pkrhByQ_
dlxBkfcmlTap_>x3To_9TScdlhBy kropTapopkÂfTom_bivhQ0ui¦a _ceopi¦apivcSkrta9dtvivR<ia¢OBkraapcex,y`gQR>x y`ij_9xQtvkÂ^`_S  ¨hQd
T 1`xQo9T@_9_9ivdlhxBklopklR<Ta9TSoVij_<livlThµ;krtvt&x0klcmlTap_VxBkl_p_9ihQa9OQTJhQTas¢&dfo9ivha9To96klcT¢ivtt3Ty`gQR>x0T@y
NOBT &51`xQopTS_p_9idfh£xBkromkrR>Ta9To<cedfhB_bij_bap_<dr¡dfhQTdfoVR>dfo9TxQopiR>ia9ivlTS_Sn.opiR>ia9ivlTS_<gB_9gBklttv^£cedfhB_bij_ba
dl#krhijy hBklR>TdlohgBR3To)xQopTScTSy`T@y^dlhBTdloVR<dfo9T 2gBklti©BTSop_S NOQTopTklo9T>apOQo9TSTas^Dx3TS_	dl
2gBklti©BTSo" i 	

_9x3TScei©BT@_	apOQTDivhBy£dlapOQTivyh0krR>TdfohDgQR3To@n"df_p_9iQtvTas^Dx3TS_<kropT  
	À
	$%ÀkrhBy  ¾  uapOQTopT<iv_hQd%as^x3T)2fg0krtvi¦©BTSoS  
ij_kf_9_9gQR>TSy6ii  _9x0T@cei©BTS_YkxBkro9a9ijcegQtjkro
 %(')'*+-,),/.).).0'"6 * /9"*0-83,
    ,  

apopklhB_bTo.y`ivo9T@c¼a9ivdlha9dYdlo"opdlR ijyn"df_p_bivQtvTyQiopTScea9ivdlhB_kropT  e 
¾   
 
¾lklhBy   
	  
	À  
apOQTopTij_uhQdyQio 2gBklti©BTSoS    
	.ij_;kf_9_9gQR>TSy 6iivi   "opTS_ba9opijc¼ap_.a9OQT#RkrapcmO>a9dVkYxBkro9a9ijcegQtjkro
xBo9dla9d`cedft¾"nd_9_9ivQtTxQopdra9d 2fg0krtvi¦©BTSop_&kropT
 %   ¼$ 0 
 3  
 3 !0`krhBy  	0  apOQTopT#ij_;hBdxQopdrapd
2gBklti©BTSoSQklttxQopdrapd`cedltj_cedfhB_bij_ba9Tha¢ia9Oa9OQTYas^Dx3T	kropT¨kf_9_9gQR>TSy
§T¨_9OQd!¢ ivha9OQT¡dltvtd!¢ivhQ_9dlR>T¡_pkrR>xQtvTS_&cedfhBceTSo9hQivhQapOQT#amcex,y`gQR>xT 1`xQo9T@_9_9ivdlhB_apOBk!acklh0T
cdlR>RkrhByQTSy%^%kVg0_bTSo"
&lNµdxBo9ivhaklttx0klcmlTap_klo9opiDivhQ	opdlR dlo#y`TSxBkro9a9gQopT¨a9d>¢¢¢ ^fkrOBdd0 cdlR 
 !     
    "    	

`NµdxBo9ivhakltt,apopkr¤c3Teas¢TTShJtd`ckltOQdf_bap_klhBy%OQdf_bap_kra /&TSo9fTtvT^   !   	 &    
~QNµdxBo9ivhaapopkr¤cYhQTia9OQTSo#_bdfgQomceTSyopdlR hBdlo#y`T@_sapihQT@y%dlotvdDcSkrtOQd_sam_3 !     	,	$
	   
 	$%
}BNµd%xQopiha¡apOQTV_bapklobaYkrhBy ThByx0klcmlTap_	 a9OBT>\!  4 klhBy ¥  4 x0klcmlTap_druT@klcmON¡Un cedlhDfTo.,
_9kra9ivdlha9OBkraivhDldltvlT@_&kVhQdfh6,Àtvd`cklt0OQd_sa?"apcex,y`gQR>x   
	     <krhByhQdra_bomc¨krhBy%yQ_sa
hQTea#tvd`cklthQTa 
|`NµdxQo9ivha¨kltt  UXnGxBkfcmlTeam_a9O0k!aklo9T	hBdra¡T@cmOQdopT 2gQTS_bap_  ÂopTxBtivTS_ 6i¾ Tlv0hBdraxBihQxBklcmfTeap_)
apcx3y`gBR<x$  
	   krh0y  
	   
NOQTdlg`apxQg`adla9OQTamcex,y`gQR>xcdlR>RkrhByJ!kropivTS_opdlR±dlhQT	xBo9dla9d`cedfta9dklhQdrapOQTo@ /&^y`Te6klgQtaS
kltt"dlgQa9xQg`aYtvihQT@_YkropTxQopTScTSy`T@yD^Jka9ivR>TS_bapklR<xµYNOBTapiR>TS_bapklR>xij_¡apOQT>cegQopo9TSha¨cetvd`cmapiR>T>ivh
apOQTYdlopR          
§T#y`TS_pceopiv0TQopiT B^	ivhapOQTdltvtd!¢ivhQa9OQTamcex,y`gQR>x>dlg`apxQg`adlopRk!a.¢OQThVa9OBT&©0t¦apTopTSyVxBklcmfTeap_
klo9TYN¡Un _bTSlR>Tham_.NOQTfThQTSopklt3dfg`a9xBg`adlopRk!aihapOQiv_¡ckl_9TYiv_"
   
  "   	      	     
	 ¼
NOQT>ivhBy`ijckra9ivdlhdl;TSkfcmO ©BTStvyiv_YxBo9T@_bTShfapTSyivhNklQtT Q§GOQitvT<a9OQTV©BTStvyQ__9omcryQ_baklhBy 3krf_
klo9Tklt¢kÂ^`_¨xQo9T@_bTShaSa9OQTdla9OQTSo©BTStvyQ_Vy`Tx3Th0ydlha9OBTcedfhfapThap_	dra9OQTxBklcmfTea  _	N¡Un xQopdrapd`cedlt
OBTSklyQTokrhByJklo9T¨dlg`apxQg`a#dfhQt^%i¦.krxBxQo9dfxQopivkra9Tl
§T_bOQd!¢GivhapOQT¨dltvtd!¢ivhQVT1QkrR>xQtvT#apOQTYdlx3ThQivhQx3dlo9a9ivdlh%drapOQT¨o9tvdlfih 6o9TSR>dra9T¨tvdllivh&cedfR ,
RklhByopdlR±OQdf_bafklob©BTStvy ivhQopivkB o&a9dOQd_sa#_9OBklyQd!¢ ivhQopivkB o?
  !         
   
	   
	  

"!#$&%
&(¸  D ~r}fl}f|<fkro9©BTStvy ivhQo9ijkQ o@'&@fr~(' _bOBkfy`d!¢ ihQopijkQ oS tdflivh \} ( (flfl~l~ ( } ( (lr!~l~ (6 
¢ivh | l}f R_p_ &} (lQ _pklcmBW> apiR>T@_samkrR>x(ll|l|fr *) amcex  ' ¾¥ 
&(¸  D ~r}f (!}_bOBkfy`d!¢ ihQopijkQ oS tdflivh+'Hfklob©0Ttjy ivhQopivkB o@ &Sfl~	\~ (| ( &S~f|l~fr} ~ (f| ( &~|!~fÂ} 6 
      Q@$ «  « Bµ «  «  < ¯¯ 8   
kfcm} ( (lffl~l~¢ivh | rf R_p_ &} (lQ _pklcmBW> apiR>T@_samkrR>x~f|f  ff *) amcex  ' 6¨¥ 
&(¸  D ~r}f ( fkro9©BTtjy ihQopijkQ oS &Sr~ ' _9OBkly`d!¢ ivhQo9ijkQ o@ tvdlfih  klcm£~ (f| ( &S~|r~ff|¢ivhG| r}
hBdlx hQdlxµ apiR>TS_bapklR>x (ffl|f|llfY~f|f   ff ' 6¨¥ 
&(¸  D ~r}f!kro9©BTtjy ihQopijkQ oS &Sr~ ' _9OBkfy`d!¢ ivhQopivkB o@ tdflivh n4} ( (flfl~l~ } ( (lr!~l~  &=
kfcm~ (| ( &@~f|l~fl|¨¢ivh | l}f hBdlx hQdlxµ apiR>TS_bapklR>x (ffl|f|llf~|l   l ' 6¨¥ 
&(¸  D ~r}fff &<_9OBklyQd!¢ ivhQopivkB o@ tvdlfih ' kro9©BTtjy ihBo9ijkQ oS &Sr~ klcm}D ( (flr~l~ ¢ivhG| !
hBdlx hQdlxµ apiR>TS_bapklR>x~|l   l (ll|f|lr ' 6¨¥ 
&(¸  D ~r}ffl~ &ufklob©BTStvy ivhQopivkB o@'&@fl~ ' _9OBkly`d!¢ ivhQo9ijkQ o@ tvdlfih n£} ( (lffr~f~  }D ( (llll~ (r}À ( 
kfcm~ (| ( &@~f|l~fl|¨¢ivh | l}f hBdlx hQdlxµ apiR>TS_bapklR>x (ffl|f|llf~|l   l ' 6¨¥ 
&(¸  D ~f|r &r%_9OBklyQd!¢ ivhQopivkB o@ tvdlfih ' kro9©BTtjy ihBo9ijkQ oS &Sr~ klcm}D ( (flr~ (l}%¢ivhG| !
hBdlx hQdlxµ apiR>TS_bapklR>x~|l   l (ll|f|lr ' 6¨¥ 
NOQTV©Bom_sa¨tivhQT>_9kÂ^`_#a9OBkraYN¡Un x0dfoba&Sr~>dlhOQdf_bakro9©BTtjy _9Tha¨kxBklcmfTeaa9dapOQT<tdflivh x0dfoba
dfhOQdf_ba¨_9OBkfy`d!¢¡NOQT>\Jih0y`ivcSk!apTS_¡a9OBkra¡a9OBT>\!  4 0kl¢kl__bTaSNOBTxBkfcmlTea¨_bT2fgBThBcT	hDgQR3To
¢kl_ r| &Srfr}krh0yJi¦aYcedlhamkrivhQTSyhQdyBk!apkBNOQT	hQdla9ivdlh©Bom_sa? tjkl_ba?6hR>TSklhB_¡_9T 2gQTShBceT	hDgQRV0TSop_
©0op_ba¡gQxapdhD^a9T@_¡dlg0_bTSoyQkrapkQNOQTopT	¢kl_hQdklcm©BTtjy3a9OQT<kÂ!krivtvklQtTopTScTivlTY©BTStvy ¢ih ¢kl_
| r}	D^a9TS_klhBy%a9OQTSo9TY¢kl_k<Rk1 , _9TfR>Tha, _biT R_p_;;dlx`apidfh%opT 2gQT@_sapihB<klh%R_p_dr &} (f	D^a9T@_
\`iR>ivtvklo9tv^lOQd_sa_9OBkly`d!¢zopTxBtivTS_¨¢ia9Ok%x0klcmlTa¢OQijcmOihBctg0y`TS_Ykrhklcm©BTStvydloYOQd_saYfklob©0Ttjy _
\   4	NOQTSh,OQdf_bakro9©BTtjyJklcmDhQd!¢tvTSy`fTS_OBdf_ba¨_9OBkly`d!¢  _\   4	,NOQT

6x0TSo9ivd`y¡R<T@krhB_¡hQd 3krf_
¢TopT_9Tea@¨NOQTVxBklcmfTeacdlhapklih0_#hQdyQk!amk_9da9OBTopTij_¡hQdyQk!amk_9T 2gQTh0ceThDgQRV0TSoSWha9OBT<_9i-1DapO
dfg`a9xBg`ativhQTl`OBdf_bakro9©BTtjy_9ThByB_&OBdf_bay`TSld (VD^fapTS_dryQk!amkQ.NOQTYn ¾n *\   0klVij__bTaih%a9OQT
Wg`a9xQgQa¡¥ivTtjy \`x0T@cei©0ckra9ivdlh
_9opc a9OQT	_9dlgBopcT 6OQdf_bakfyQy`opTS_p_klhByx0dfoba
yB_sa a9OQT	yQTS_ba9ivhBk!apidfhkfyQy`opTS_p_klhByx0dfoba
0klf_ \ ¾\!  4 ¼0¥ 6¥  4¼0n ¾n *\ dlo#w ¾w¡\`N dlo#k>_9ihBltvT

x3Topid`y
a9d>ivhBy`ijckra9ThQd 0klf_
yBk!apk , _9T 2hQd a9OBTx0dfobapidfh%dl"_9T 2gQTh0ceT_bx0klceTcd!lTopTSyD^a9OQT	yBk!apk<ivha9OQij_xBkfcmlTea
kfcm a9OQT	_9T 2gQTShBceTYhDgQR3TodlµapOQThQT1Da¡yQkrapk<T1`x3TScea9TSy%opdlR apOQTdrapOQTo
y`ivo9T@c¼a9ivdlhdlh%a9OBiv_#cdlhQhBTSc¼apidfh ¾klcmDhQd!¢tvTSy`fTR>Tha)
¢ih a9OBT¨hDgQRV0TSo#dr"D^fapTS_dl"opTScTivlT¨Qg5,To¡_9xBklcTkÂÂklitjkrBtTo9dfR a9OBTdra9OBTo
y`ivopTSc¼apidfh%dfhapOQij_#cedfhQhQTScea9ivdlh
gBo9 gQoplTShfa#yQkrapk<ivhapOQTxBklcmfTea
dfx`a9ivdlhB_ N¡Un dlx`apidfhB_ThBctd_bT@yivhJkrhQftTYQomklcmfTeap_
NklQtvT uNcx3yQgQR>xdfg`a9xBg`a¡¥"iTStvyQ_#¢OQTha9OBTdlB_9ToplT@yxBkfcmlTeam_kropT¨N¡UnG_9TfR<TShap_
    ,  

x0klcmlTaS	Wha9OBT>_9TfTha9OtivhQTl,OQd_sa_9OBkly`d!¢z_pkÂ^`_#iaYopTScTivlT@yyQk!amk_9Tha¨D^JOQd_saYfklob©BTStvyJgBx a9d
Bg`a#hQdra#ivhBctgByQihQ>D^a9T (Q
  x0TSobdfo9Rkrh0ceT>T!krtvgBkra9ivdlh£cklh0TkfcmOQivTlT@ygB_bivhQapOQTamcex,y`gQR>xa9omklcTS_S_9gBcmO£kl_"6ia9OQT
TShBy ,Àa9d,ÀTShBy yQTtjkÂ^ iacklh 3T T@_sapiRk!apTSy gB_9ihBapOQT cetvd`cm£ivhBy`ijck!apidfhdlo>apOQTJa9ivR>TS_bapkrR>xGkrh0y
apiR>T@_samkrR>x1T@cmOQdB 6iia9OQTxBklcmfTea<td_9_Vopkra9TfuxBklcmfTea<o9TSdlomy`TopihBB"xBklcmfTea<_9iTl ivii<krxQxQtvijck!apidfh
R>i 1Da9gQopTS_.klhBy<xQo9dla9d`cedft`gB_pkrlTfN¡Unij_.dlhBTivR>x0dfobamkrhauxQopdrapdDcdltDapOBk!a;cSkrh>0T#klhBkrtv^T@ygB_9ivhQYa9OQT
amcex,y`gQR>x%a9omklceT@_N"cex`apopkfceT ¡iv_&dlhBT¡apddftBapOBk!agB_9TS_;a9OQT¨R>TSkf_bgQopTR>TShfam_&cdltvtT@c¼apTSyD^<apcx3y`gBR<x%a9d
klhBkrtv^TapcxJcdlhQhBTSc¼apidfhB_S
NOQT  n1XJdlhBi¦apdlopihQ	nuo9dlqsTSc¼a   n;XW 4   -"QgQivt¦akR>dlhQia9dfo9ivhQ_b^`_ba9TSR ¢OQijcmOij_;kYR>TSkf_bgQopT,
R>TShfauklhByVklhBkrtv^`_bij_ih`omkl_ba9opgBcea9gQopTcSkrxBklQtvT&dl3cedfttvTScea9ivhQ¨xBklcmfTea"a9omklceT@_krhByVo9dfg`a9ivhQ¨ihQdlopR>kra9ivdlh
klhBykrh0krtv^ SihBJa9TomkrD^a9T@_dr#yQkrapkBJNOBTopTkropT (lra9OR>dlhQia9dfo9ivhQ _9^D_ba9TSR_y`TSxQtd!^fTSyk!aV}n"dfnu_
¾n"dlivhfam_#dl;n.o9T@_bTShBceT=dl"apOQT\DxQopiha +µihB  nG0klcmD0dfhQTlNOQT^OBkÂlTVcedltvtvTSc¼apTSyJR>dlopTapOBkrhllN1/
dl"yQkrapkVopdlR WU~  &Â|l|>XJQx0_;e3WU	&@ (l<XJQxB_krhBy WU&} À`¸|0¨BxB_;tvivhQ`_
NOQT    a9dDdlt¸ & ugB_bT@_YT 2gBklttv^ , _9xBklcTSyR<d`y`TkrxB_YivhN¡Un Bd!¢#_YxBklcmfTeaYihapTo., klo9opi!klt
apiR>T>y`ij_sapo9ivQg`apidfhB_#apd%y`Ta9T@c¼aYRgQta9ivxQtvTV3dra9a9tvThQT@cmJcSkrxBkfceia9ivTS_¨krhBya9OQTSioYopTtjk!a9ivlTdlomy`To@	*¡hQtivlT
dla9OQTSox0kl_p_bivlTapdDdltj_,RgBt¦apiHcSkrhyQiv_pced!fTo¡gBx a9da9OQopTT<3drabaptTShQTScm`_¡o9dfR a9OQTVa9omklcTdl;k%_9ihBltvT
0d!¢"klhBycklh¢&dfo9¢i¦apO£klcmDhQd!¢tvTSy`fR<TShakl_¢Ttvt&kf_yQkrapkJivhfapTo., klo9opivÂkltv_SXJgQta9i- ¢dlop`_ivh
cdlhBcTo9a¢ia9O  	 <¢OBivcmOiv_k<N¡Un td_9_krh0y%wNN klhBkrtv^TSoSNOQij_xBkl_p_bivlT¡a9dDdltcSkrhJkrtj_bd<0T
g0_bTgQtQapda9omklcma9OQT#TSldftg`apidfhdr,a9OBT  ha9TophQTa;d!lTSoa9ivR<TD^VgB_9ivhQ  ha9TophQTaua9omklcTS_ucdltvtT@c¼a9T@y>d!lTSo
apOQT<^lTSklop_S *_bivhQapOQij_¡apdDdltÀ0apOQT<o9T@_bgQtap_dlQapkrivhQT@yD^%apOQT>krg`apOQdlom_¡_9OQd!¢ a9O0k!aRVgQta9i- iv_OQivlOQtv^
kfccgQopkra9TfQkrhByapOQo9dfgQlOJxBkf_9_9ivlTlQkfcmOQivTlT@_a9OQTV_9klR<T	kfccgQopkfce^kf_#nk!apOQopkra9T   B¢OQijcmOJiv_klcea9ivlTl
U&dfR>xBkropTSya9dYapOQT#xBkf_9_9ifTa9dDdlt4¡Tea9a9ivR<TSo ¸lÀla9OQT#klg`a9OQdfop_.dlgQhByVapOBk!a;RVgQta9i-Gij_uR>dlopTklcScegQomk!apT
¢OBThapddftv_¡OBkÂlTVklccTS_p_#dfhQt^%a9d%o9T@ceTSifTo¡_9ivyQT	a9omklcTS_S¡NOQTS^Jkltv_9ddfgQhByJapOBk!a 4#Taba9ivR>ToYcklh 0T
kf_klcScegQomk!apT¨kf_RgQta9i- dfhQt^%¢OQThia#iv_fifThklccTS_p_a9d>3dra9OJTShByQ_dlµa9OBTR<T@kl_9gQopTSy%xBk!apO
NOQT\`iR>xQtvT4#Tas¢&dfo9X krhBkllTR>TShfa#n.opdrapd`cedlt À\64X n  ij_#krhklxQxQtvivcSk!a9ivdlhtjkÂ^lToxQopdrapd`cedlt
apOBk!a6klcitvi¦amk!apTS_¡a9OQTVT1QcmOBkrhBlTdruRklhBkrfTR>Tha¡ivh`dlopRk!apidfh0Tas¢&TSTh hQTas¢&dfo9Jy`TSijceT@_¨\64Xn
TShBkrBtT@_>hQTeas¢dlop£kly`R>ivhQij_sapopkra9dlom_<a9dRkrh0krlTJhQTas¢&dfo9x3To9dlopRkrhBcTl&©BhBy krh0y _9dltvlThQTas¢&dfo9
xBo9dfQtTSR_QklhByxBtvklhdfohQTeas¢dloplopd!¢a9Oµ
 __bOQd!¢hih¥"ifgQopT &@~Qkrh\64X n5,ÀRklhBkrfTSy hBTeas¢dlop cedlh0_bij_sam_¡dl;apOQo9TST>lT^ cdlR>x3dlhQTShfam_3
RklhBkrfTSy y`TSDivcTS_SkrlTShap_S,klhBy hBTeas¢dlop	, RkrhBkllTSR<TSha¡_b^`_ba9TR_ 4X\`_¢OQijcmOOBdltjyQ_a9OQT<Rkrh6,
kllivhQ<Tha9ias^¼'4#T 1DaSQ¢Ty`Te©BhBTTSklcmOdra9OQT@_bT	cdlR>x3dlhQTShfam_
 RkrhBkllT@y1y`TSijceTij_khQTas¢&dfo9hQd`y`TapOBk!acedfhfamkrivhB_>krh \64XnHkllThakrhBy£a9OBkrao9T@_bijy`TS_
dfh£kRkrhBkllT@yhBTeas¢dlop3 XklhBkrfTSyy`TSijceT@_cdltvtT@c¼aVklhBy£_ba9dlopTRkrhBkllTSR<TSha	ih`dfo9Rkra9ivdlh£krh0y
 %(')'*+-,),/.).).0'"6 *('(23650-8
      Q@$ «  « Bµ «  «  < ¯¯ 8  
database
Agent
Management 
Agent
database
Management 
Network Protocol
Managed
devices
Management 
Management 
database
Network Management 
System
¥ivlgBo9T&S~!4#Teas¢dlopXklhBkrfTR>Tha  h`omkl_ba9opgBc¼apgQo9T
RkllTYa9OBiv_¡ih`dfo9Rkra9ivdlhkÂ!krivtvklQtTYapd 4X\`_#gB_9ivhQ\64X nXklhBkrfTSyJy`TDijceT@_3_bdfR<Ta9ivR>TS_#cSkrtvtT@y
hBTeas¢dlopTtvTR>Tham_,cklh3TopdlgQa9Tom_#klhByklcSceTS_p_#_9ToplTSop_SQ_b¢iapcmOBTS_#klhByJQopivy`fTS_SBODgQB_S0cdlR>xQg`apTo
OBdf_bap_S`dloxQopihapTom_
 ¡hkrfThaij_YkhQTas¢&dfo9 , RkrhBkllTR>TShfa¡_9dr as¢kropT	R>d`y`gQtvTapOBk!aYopTS_9ivy`T@_#ivhk%RkrhBkllTSyyQTDivcTl
 ¡hkrfThaO0kl_#tvd`ckltDhQd!¢tvTSy`fT	druRklhBkrfTR>Tha¡ivh`dlopRk!apidfh krhByJapopklhB_9tvkra9TS_#a9OBkra¨ivh`dfo9Rk!apidfh
ivha9dkVdlopR cedfR>xBk!apiQtvT¢ia9O \64X n
 ¡h 4X\	T 1DT@ceg`apTS_"krxQxBtijckra9ivdlhB_µa9OBkra"R>dfhQi¦apdlokrhBycedlhapo9dftfRkrh0krlT@yy`TDijceT@_4X \`_"xQopd!DivyQT
apOQT¡BgQt>dl3apOQT¡xBo9d`ceT@_9_9ivhQkrh0y>R<TSR>dlop^VopTS_9dlgQomceT@_.opT 2gQivo9T@ydfo;hQTas¢&dfo9<RkrhBkllTSR<TShaSWhBT¡dlo
R>dfo9T 4X\`_RgB_ba#T1`ij_sadfhJklhD^RkrhBkllTSyhQTeas¢dlop,
4¡Tea 0d!¢ iv_&krh\64Xn!,ÀtvifTa9dDdftQ¢OQijcmO>kliR_apdxQopd!ijy`ThQTas¢&dfo9	kfy`R>ihQij_ba9omk!a9dfop_¢ia9OkfcceT@_9_
apd  n Bd!¢ ih`dfo9Rkra9ivdlhopdlR a9OQTSio#yQkrapkVhQTeas¢dlop`_5&51`x3dlo9a9TSy 4#Tap¥"tvd!¢*yQkrapk<ckrh3T¨g0_bT@ydfok
!klo9ivTeas^dl0xQgQopx3df_9TS_Srih0cetvgBy`ivhQYhQTeas¢dlopRkrhBkllTR>TShfauklhByxBtvklhQhQivhQBrTSha9TopxQopiv_9TklccdlgQhapihQYkrh0y
yQTxBklobapR<TShapkrt&cmOBkroplTSBklcm`_S  \`nzBitvtivhQ0yBk!apk ¢klo9TSOQdlgB_9ivhQB"krhByyQkrapkR>ivhQivhQdloVRkroplTeapihB
xBgQo9x3df_9TS_SJWhBT0TShQTe©QaVdlo4¡Tea Bd!¢ d!fTo\64¨Xn RkrhBkllTSR<TSha	ih`dfo9Rkra9ivdlhBkl_9T_bapk!apiv_ba9ijc_	iv_
apOBk!a&a9OQT\64¨Xn1cdlgQha9TSop_;xQopd!ijy`T#x3To., tivhQ_samk!apiv_ba9ijc_S`_bgBcmO%kl_ux3To_9dlgQomceT¡yQTS_ba9ivhBk!apidfh_samk!apiv_ba9ijc_
dfox0TSoa9omk!¤c , cetjkl_p__samk!apiv_ba9ijc_S`¢OQivtT 4¡Teap¥"tvd!¢*cdlgQha9TSop_xQopd!DivyQT 0d!¢*_bapk!apiv_ba9ijc_S
 %(')'*+-,),/.).).0763>)680768&9 , ",	(,;' "6 %",'1
(,;' 36 %

* 38;'"8(68

%"8 9 50%3' 9
   ,  

	    

 "  	
  xBkf_9_9ifTkrxBxQo9dklcmOGxQopd!DivyQTS_k _9x0T@cei©0c hQTas¢&dfo9 apdlx3dltvdll^ ivh`dlopRk!a9ivdlh gB_bivhQ krh ivh`TSo9opihB
klopcmOBi¦apTSc¼apgQopT¢OQivcmO y`Tx3ThByB_	dlh kxBkl_p_9ifT>a9dDdlt6y`T@_9co9iv0T@yivha9OQT%xQopTDidfgB_	_9TScea9ivdlhe  ha9OBiv_
_9TScea9ivdlh3¢TVy`T@_9co9iv0TVOQd!¢4a9d%ih`TSo¡apOQTVa9dlx3dltvdlf^%g0_bivhQ /10Yn  /dlomy`To 0Yk!a9TS¢kÂ^Jn.opdrapdDcdltkrh0y
apOQThJgB_9ivhQN¡Un1apopkr¤cr
              
 hapTomy`dlRkrivh	opdlg`apihB¡ivh	a9OBT  hapTophQTeaiv_RkrhBkllT@yD^Ya9OQT /dlomy`To 0Yk!apT¢kÂ^¨n.opdrapd`cedlt  / 0Yn  ~-¼
/10YnGij_¡cdlR>R>dlhQtv^g0_bT@yJ0Tas¢&TSTh  \`nu_¨krh0yJi¦aYkrtvtd!¢#_apOQT	3dlomy`Too9dfg`a9TSop_apd%_9OBkropTopdlg`apihQivh6,
dfo9Rkra9ivdlh"NOg0_ / 0Ynopdlg`apihBamkrQtvTS_;cedlhamkrivhVivh`dlopRk!apidfhB_dlh>RkrhD^	xQopTe©1DT@_ih>apOQT  ha9TSo9hQTaS
_9gBcmOkl_a9OQT	ijy`TShfapi¦as^%dra9OBT \Jk>xQopTe©1%3TtvdlhQ>apdB0klhBy%a9OQTtij_sadr"a9OQT ¨\`_apd>dltvtd!¢*a9dopTSkfcmO
kxQopTe©%1. c¼apgBkrtvt^f` \dlx3Tomk!a9dfop_ugB_bg0krtvt^OBkÂfTa9OBT¨g0_bT¡a9d>krlfo9TSfkra9Ta9OBTivo  n1hQTeas¢dlop>xQopTe©%1`TS_
ivhdlomy`TSoa9dOBivy`T	a9OQTyQTeapklitj_#dla9OQTSio¨y`dlRkrivhJopdlR dla9OQTSo¡dfx0TSopkra9dlom_S&NOQTSo9TdlopTlQD^tdDdlDivhQk!a
k_9hBklxB_bOBdradlapOQT /10Ynzopdlg`apihBJapkrBtT@_dlhBTckrhivh`TSo	a9OBThQTeas¢dlop apdlx3dltvdlf^kl_kJa9opTTapOBk!a
cdlhQhBTSc¼am_ \`_SQ¢ia9Oa9OBTtij_sadl"hQTas¢&dfo9xBo9T©%1`TS_x3To# \
NOQTVkrg`apOQdlom_ih  } xQo9dfx0d_bT	k>R>Ta9OQd`yJdrivh`Topo9ivhQtvdlfivcSkrtopTtjk!a9ivdlh%, _9OQivxB_0Tas¢&TSThJhQTas¢&dfo9
xBo9T©%1`TS_Y¢ia9OQivh1krh ¨\gB_bivhQdfhQt^xBkl_p_9ifT<R>dfhQi¦apdlopihBdl / 0Yn gBx3yQkra9TR>T@_9_pkrfTS_S/kf_bijcklttv^l
/10YngQx,yQk!apTS_iap_opdlg`apihQ¨ivh`dlopRk!a9ivdlhV¢OQThVa9OBTopT&ij_.kcmO0krhQfTl ¡hVgBx3yQkra9Tij_.krhD^/10Ynopdlg`apihB
R>T@_9_pkrfT¡apOBk!a¡ij_#_9x0T@cei©0c¨a9dk>xBo9T©%1B_bg0cmOJkf_krhkrhBhQdlgQh0ceTR>TShfa@Qdlo¢ia9O0y`opkÂ¢krtÀ &ukfcmOJgQx3yBk!a9T
cdlhapklih0_	ka9ivR>TS_bapkrR>xivhBy`ijckra9ivhQa9OBT_bT@cedfhByk!a¢OBivcmOiaV¢kl_opTScTivlTSykrh0ya9OQTxBo9T©%1apOBk!a
¢kl_k ,TScea9TSy¡NODgB_,¢OQivtvT	as¢dhQTeas¢dlopxBo9T©%1`TS_¡ctd_bT	a9dT@klcmOdla9OQTSo¡OBkÂfTkOQivlO xBo9dfBkrQivtvi¦as^
apd3TgQx,yQk!apTSy k!a>a9OBTJ_pkrR>T%a9ivR>Tl&as¢&dhQTeas¢dlopxQopTe©%1`TS_V6klo>o9dfR TSklcmO drapOQTo>OBkÂfTk_bRkltt
xBo9dfBkrQivtvi¦as^apd3TJgQx,yQk!apTSy k!a>a9OBTJ_pkrR>Ta9ivR>Tl \Dd0ua9OBTivy`T@kij_<a9d_ba9gByQ^£a9OBTJcdlopo9TStvkra9ivdlh£dl
gBx3yQkra9TVR<T@_9_pkrfTS_dl;krtvtx0krivop_¡druxQopTe©%1`T@_¡krh0y cetjkl_p_bi^%a9OQT@_bTVxBkrivop_¡druxQopTe©1DT@_#ivhkBihBklo9^%a9opTT
0kl_9TSy%dlh%a9OQT	cdlopo9TStvkra9ivdlhdlapOQTivo#gQx,yQk!apTR>TS_p_9kllTS_S
NODgB_Sa9OQTYy`ij_samkrhBcT¡R>Teapo9ijc#gB_9TSya9dVTS_ba9ivR>kra9T¡a9OQT¨hQTSklo9hBTS_p_u3Teas¢TThas¢&dhQTeas¢dlopVxBo9T©%1`TS_&iv_
0kl_9TSydfh	a9OBTcdlopo9TStvkra9ivdlh3Teas¢TTSh	a9OBTgBx3yQkra9TlT@c¼apdlom_3TtvdlhQfihQa9da9OBTS_9T&xQopTe©1DT@_"NµdYcedfR>xQg`a9T
apOQij_0a9OQT<krg`apOQdlom_amkrlT	a9OQT<y`iv_pceopTeapiSTSyJgQx,yQkra9Tfo9dfgQxB_SBkrh0y y`TeapTopR>ihQT	a9OQTVgQx3yBk!a9TVlT@c¼a9dfo	

dfoTSkfcmO%xQopTe©1 Jkl_a9OBTYdltvtd!¢ivhQ
 	
   Si¦(JgQx3yBk!a9T@yJy`gQopihQ>ivha9Top!krt 
ldra9OBTop¢iv_9T  (
      Q@$ «    ¯ Q  «  
¥"ivlgQopT &S}_9OQd!¢#_klh1T1QklR<xBtT%dr#gQx,yQk!apT%fTScea9dlo>ceopTSkra9ivdlhNOQTy`iv_bapklhBceTR>Teapo9ijc3Teas¢TTSh
as¢dxBo9T©%1`TS_   $   ' ¡iv_T!krtvgBkra9TSykl_¡a9OQT>cedfo9opTtjk!apidfh cedDTe¤ceivTha¨0Tas¢&TSThapOQTivocedlopopTS_9x0dfhBy`ivhQ
gBx3yQkra9TfTSc¼apdlom_klceopdf_p_ apiR>TivhfapTop!krtj_3
    $   ' & 
$
   $ 	
 $   $    
 '    ' 	 ' $

 	 ' '  
¥"ivlgQopT &}#0¨ThQTSopkra9ivhQ¨a9OQTgBx3yQkra9TfTSc¼apdlom_  	
 krh0y  	
 ! dlo.xQopTe©1DT@_!x &f x3
¼ro9dfR kY_sapo9T@krR
dl/10Yn gQx,yQk!apTS_SuNiR>Tij_#y`ij_9co9Ta9iTSy%ivhfapd  , _9TScdlhBy%QivhB_
§ThQdla9ijceT>a9O0k!a   ij_a9OBTkÂlTSopkllTdl   "klhBy 	 ' ij_i¦am_	!kropijkrhBcTlNOQTSha9OQTklg`a9OBdlom_YgB_bT
dfo	cetvgB_ba9TopivhQapOQT    %  	 
  R>TeapOQd`y  } & À>NOQij_YR>Tea9OBdDycdlR>xQg`apTS_¨a9OBT
	  ' ¨xBkrivo9¢ij_9T
yQiv_bapklhBceT@_3Teas¢TTShTSha9ia9ivTS_krh0y_ba9dfo9T@_#apOQTR ihopklhQlT@ydlomy`TSoS<NOQThµi¦aia9Tomk!apTS_a9OBo9dfgQlOa9OQT
xBo9T©%1xBkrivop_¡opdlR[cetvdf_9TS_ba¡apd6kro9a9OBTS_baSY§GOQThia¨TShBcedfgQha9Tom_¡khQT¢ hQd`y`TVivhkxBkrivo@0apOQT>_bivhQltvT,
tvivhQ!krlTR>Ta9OQd`yqsdlivhB_>apOQT hQd`y`T a9diap_hBTivlOD0dfoSdloiap_hQTivlOD3dlo _ctg0_sapToiYa9OQT hBTivlOD0dfop_
kltopTSkfy`^#3TTShYctg0_sapTopTSy  D3drapOxQopTe©%1`TS_klo9T.ivh¨a9OQT&_9klR<Tuctg0_sapTo@Siay`dDTS_hQdrapOQihBB  Da9OBTuxQopTe©%1`TS_
klo9Tih y`i ,TopThacetvgB_ba9Tom_Sa9OQT%as¢&dkropTR>ToplT@y¥ivlgBo9T &@|_9OQd!¢#_<krh£T 1`klR>xQtT%dr#apOQTJ_bivhQltvT,
tvivhQ!krlTctgB_ba9TSo9ivhQR>TeapOQd`y*NOQTklg`a9OQdfop_cdlhB_9ijy`Tom_<dloTSÂkltg0k!a9ivhQa9OBTcetvgB_ba9TopivhQklccgQomklce^
apOQopTThBTeas¢dlop%R>Teapo9ijc_¨¢OQijcmOklo9Ta9OQT  n kfyQy`opTS_p_¡_9iR>ivtvklo9ias^l3a9OBTVomk!apiddl&_9OBkropTSyapd%gQh0_bOBklo9T@y
apopkfceTSo9dfg`a9TxBk!apOtvThQla9OQklhByapOQT¨ 4\ ,ÀBkf_bT@yx3dlivhadlµxQopTS_9ThBcT ¾n"dfncedfR>xBkropiv_9dlhµµ§T¨hBdra9ijceT
apOBk!a¡k>n&W¨n ij_k>xQOD^`_bijcklt3tvd`ckra9ivdlh¢OQTopT¨a9OQT  \`n xQtjklcTS_k>cedfttvTScea9ivdlhdro9dfg`a9TSop_S
NOQTS^ T1QklR<ivhQTVa9OQTy`ij_bapkrh0ceT<0Tas¢&TSThhQTeapQtd`cm`_a9dJ_bTSTVi;apOQTcetvgB_ba9TopivhQ%fo9dfgQxB_hQTeapQtvdDcm`_
apOBk!aJkropTcetvdf_9T hDgQR>Topijckrtvtv^l NOQTS^GcedlgBhfaa9OQThDgQR3To%dr  n kfyQy`opTS_p_bT@_>a9O0k!a%T 1`iv_ba%3Teas¢TTSh
kfyÂqbklcThaµhQTa9Qtvd`cm`_"Nµ¢d¡kly!qbklceTShaµhQTeapQtvdDcm`_µOBkÂlT;k¡y`iv_bapklhBceT&drSTopdBµN¢&d¡hQTeapQtd`cm`_µ_9Tx0kromk!a9T@y
D^Gk    rr}1cetjkl_p_U  hQTa9Qtvd`cmGOBkÂlTk1y`ij_samkrhBcTdl ! ¨klhBy _9d1dlhµ ¥ivlgBo9T &(1_9OQd!¢#_a9OQT@_bT
yQiv_bapklhBceT@_	dfo> .NN klhBy *	* 4&uNY;NOQT%©Bom_saVT¢±ctg0_sapTopihQy`TSciv_9ivdlhB_<cetvgB_ba9To>xQopTe©1DT@_	apOBk!a
klo9ThDgQR>TSo9ijcklttv^%ctd_bTYapdTSklcmOJdla9OQTSo 0a9OQThQT1Da &  Â}>dlo¡_9dctgB_ba9TSo#xQopTe©%1`T@_a9OBkrakropT	cetvdf_9To#a9OBklh
   ,  

¥"ivlgQopT &Â|5¡ ¡hT 1`klR>xQtTVdruapOQT_bivhQftT ,ÀtvihBÂkllTctg0_sapTopihQ%R>Tea9OBdDyNOQTtvij_sadlh a9OQT>tvTe a_bOQd!¢#_
apOQT<|R<d_saYcetvdf_9Ttv^%opTtjk!apTSyJia9TSR>_S3ih dfopyQTo@0krh0yJa9OQTVlomkrxQOJdfha9OQTVo9ivlOa_9OQd!¢#_#a9OQT<cetvgB_sapTopihB
apOBk!a#opTS_9gQtap_opdlR apOQij_dlomy`TopivhQB
kÂfTomkrfTlµNOQij_iv_ivha9gQia9ivlTSt^cdlR>xBk!apiBtT¢i¦apOapOQTijy`T@k	apOBk!axQopd!ijy`TSop_&krtvtd`ckra9T  n1klyBy`o9T@_9_9TS_&ivh
k<tvdlfivcSkrtÀOBiTSopklopcmOQijcklt,¢kÂ^f
¥"ifgQo9T&(  n klyQy`opTS_p__bx0klceTy`ij_bapkrh0ceT
      Q@$ «    ¯ Q  «  !
¥"ivlgQopT &_9OQd!¢#_#apOQT<hgBR3To¨dr&_9OBkropTSya9omklceTSo9dfg`a9TVy`iv_bapklhBceT@_¡3Teas¢TTShxBkliom_¨kl_¨cetvgB_sapTopihB
xBo9dflopTS_p_bT@_"NOQiv_©0lgQopT_bOQd!¢#_&apOBk!aa9TSR>x0dfopkltcetvgB_sapTopihB<xBo9d`y`gBcTS_k<lopdlgQxBihQ<dr"xQopTe©%1`TS_apOBk!a
ij_YklcScegQomk!apTapd_9TfTomkrt"R<dfo9T<hQTas¢&dfo9JOQdfxB_a9OBklhk%opklhBy`dfR[lopdlgQxQivhQ%¢&dfgQtvy0T>T@_bx3TScivklttv^Jdlo
apOQT©0op_baTS¢ OgBhBy`opTSy£ctgB_ba9TSop_S¥"ivhBkrtvt^fu¥"ifgQo9T &  _9OQd!¢#_apOBk!a>cedfo9opTtjk!apidfh6,À0kl_9TSycetvgB_sapTopihB
fo9dfgQxB_ua9OQTYr~l~ * *4 &uN xQo9T©%1`TS_&ihapdVkr3dlgQa	&@ll	yQiv_ba9ivhBc¼acetvgB_ba9TSop_;¢OQitvT¨o9TapkrivhQivhQ	d!fTo    
n"dn5,ÀtvTfTt"klccgQomklce^fNOQT &@~ &S> .NN xQopTe©1DT@_ij_¡fo9dfgQx0T@yJihapdlfcetvgB_sapTom_#¢ia9Okl0dfg`a    
kfccgQopkfce^f
NODgB_Sa9OQTxQopTe©%1`TS_tivhQlT@y D^1apOQiv_krtvldfo9ia9OBR dr apTh _9OBkropT klyQR<ivhQij_sapopkra9ivlTdfoa9dfx0dftdflijcklt
T@k!apgQo9T@_.NOQTSo9TdlopTl`_9gBcmOapTR>x0dfopkltcetvgB_ba9TopivhQ<cSkrh%xQo9d!Dijy`TYkrhJkrijya9d>dla9OQTSo  hfapTophQTeaRkrxQxBihQ
apTScmOQhBi 2gQT@_D^fgQijy`ihBa9OQTcmOQdlijceT;dr`xBk!apOB_dfh	¢OQijcmOYa9dapopkfceTSo9dfg`a9Tf-/TeabapTo"y`TS_ba9ivhBk!apidfh	_bTStT@c¼apidfh
cSkrhih0ceopTSkl_9Ta9OQTivh`dlopRk!apidfh%krivhQTSyo9dfR T¢ToapopkfceTSo9dfg`a9T¨xQopdl3TS_S
NOQT>cedfhQhQT@c¼a9ivDi¦as^J3Teas¢TTSh \`_¨krtvdlhBTVcklhQhQdla¡gQtvt^ cmO0kromklc¼apTopiSTYa9OQT>_ba9opgBc¼apgQopkltµxQopdlx3To9a9ivTS_
dlua9OBT  ha9TSo9hBTeay`gQT<a9d%a9OQT<!kropidfgB_x0dftijceivTS_¨gB_9TSy0Tas¢&TSTh ¨\`_SNOQTS_9T<o9dfg`a9ivhQx3dltvijceivTS_Tf 0
_9TtvTScea9ivhQ opdlg`apTS_SxBo9dfxBkrk!a9ivhQJopTSklcmO0krQivtias^ ivh`dlopRk!apidfhkropTcedfhB_ba9omkrivhQTSyD^kllopTTSR<TShap_3T,
as¢TTShklyQR<ivhQij_sapopkra9ivlT¨y`dlRkrivhB_S  h  &@ fa9OQTYkrg`apOQdloivh`Tom_&a9OQTY \lomkrxQO¢ia9OkR>dfo9T¨y`TeamkrivtT@y
opTxBo9T@_bTShfamk!apidfhJa9OBkraYctvkf_9_9i¦©0TS_¨ \o9TStvkra9ivdlhB_9OQivxB_¡ivha9dJcegB_ba9dfR>To.,¾apd , xQo9d!Dijy`To@Qx3TTSo,Àa9d,Àx3TTSoSkrh0y
_9ivQtivhQ,¾apd , _bivQtvihQ<opTtjk!a9ivdlh0_bOQivxB_Bkf_bT@ydfh /10Yn opdlg`apihQVapklQtvTS_S
 am_krtvldfo9ia9OBR dloih`TSo9opivhQ  \opTtjk!apidfhB_bOBixB_	iv_0kl_9TSydlhapOQT6klcea	a9O0k!aV ¨\`__9TeagBxa9OQTSio
T 1`x0dfobaµx3dltvijceivTS_"klccdlomy`ivhQa9d¡a9OQT@_bT&o9TStvkra9ivdlhB_9OQivxB_µklhBydlhYapOQTo9T@_bgQta9ivhQ#x0k!abapTophB_dlh/10Yn opdlg`apihB
amkrQtvT	TShfapo9ivTS_S /kl_9ijckrtvtv^lBivh T 1`cmO0krhQfihQ>opdlg`apihBihQdlopR>kra9ivdlh  6i#¢i¦apOkxQopd!Divy`TSoS3krh  ¨\cklh
T 1`x0dfobaiap_Vopdlg`apTS_klhBya9OBTopdlg`apTS_	dl#i¦am_cgB_sapdlR>Tom_klhBy_9iQtvivhQf_SQg`ackrhhBdraVT 1`x0dfobaopdlgQa9TS_
tvTSklo9hBTSy<opdlRHdrapOQTo&xQo9d!Dijy`Tom_.dfo&x3TTSop_S 6ii;¢i¦apOkcgB_sapdlR>To@Dkrh ¨\cklhT1`x3dlo9a&iap_&o9dfg`a9T@_;krh0y
apOQTo9dfg`a9Tdr3i¦am_.cegB_ba9dfR>Tom_"klhBy<_bivQtvihQ_fkl_"¢&TSttQkf_"o9dfg`a9T@_tvTSklo9hBTSyopdlR i¦am_xQo9d!Dijy`Tom_"krhByx0TSTom_
6iivi#¢ia9Okx0TSTo@krh ¨\cklh T1`x3dlo9aiap_o9dfg`a9T@_¡krh0yJa9OQT<opdlg`apTS_#dlui¦am_cgB_ba9dlR>TSop_krhBy _9ivQtivhQ_
Bg`a¡cklhhBdraT1`x3dlo9aa9OQTopdlg`apTS_tvTSklo9hQT@yopdlR dra9OBToxQopd!Divy`TSop_dfox0TSTom_ 6i¢ia9Ok_9iQtvivhQBQklh
 ¨\ cSkrh T 1Dx3dlo9aiap_¨opdlg`apTS_krhByo9dfg`a9T@_#dr&i¦am_cgB_sapdlR>Tom_¨krhBy _9ivQtivhQ0,kf_¡¢Ttvtkl_o9dfg`a9T@_¡tvTSklo9hQT@y
opdlR i¦am_xQopd!ijy`TSop_krhByx3TTSop_S
NOQij_;_9TtvTScea9ivlTT 1Dx3dlo9auopgQtTivhBy`ijckra9T@_a9OBkra&k /10Yno9dfg`a9ivhQYamkrQtvT#Thapo9^<_bOQdfgQtjyVO0kÂlTk	ceTSobamkrivh
x0k!abapTophNOQTopTedfo9Tflkrh \<x0k!a9ORVgB_bau0T#!klttvT^ ,Ào9TST¢OQivcmO>R>TSklhB_"i.kYxQopd!DivyQTo.,¾apd , cegB_ba9dfR<TSo
T@y`lT¨cklh3Tdfttvd!¢TSyD^dlhBt^xQopd!DivyQTo.,¾apd , cegB_ba9dfR<TSo.dlo_9iQtvivhQ ,Àa9d, _9iBtivhQ	T@y`lT@_ ivi&kVx3TTo.,Àa9d ,
x3TTSo	TSyQlTcklh0Tdfttvd!¢TSyD^dlhBt^xQo9d!Dijy`To.,Àa9d , ceg0_sapdlR>To¨dlo_9ivQtivhQ,¾apd , _bivQtvihQJT@y`lT@_NOg0_
apOQT_bTStT@c¼apifT¡T1`x3dlo9aopgQtvTTShB_9gQo9T@_&a9OBkra1/10Yn o9dfg`a9ivhQapkrBtTYThapo9ivTS_cedfhfamkrivhdfhQt^!klttvT^ ,Ào9TST \
x0k!a9O0_. ¡_¡_bOQd!¢hivh%apOQTT1QklR<xBtTYdr¥"ifgQo9T&@QQ \%xBkra9OB_  &l¸` ~krh0y  &l¸` (Q ~kropT!klttvT^ ,Ào9TST
¢OBitvT \ , xBk!apO  &l }B ~klhBy  &l }B¸|` ~kropT¨hQdra#!krtvtvT^ ,¾opTTf
!%  ,  

¥ivlgBo9T&5u\DOBkropTSya9omklcTopdlg`apT¨yQiv_bapklhBceT
      Q@$ «    ¯ Q  «   
¥"ivlgQopT& . _9_9ifhQR>Thaa9d<apOQT	_9klR>TYn"dn
¥"ivlgQopT&S ¡hkrhQhQdlapkra9TSy \%fopklxQO
    ,  

NOQTSo9TdlopTl,krh ¨\JxBkra9Odl;k /10YnGopdlg`apihBapklQtvTThapo9^OBkl_dlhBTdr.apOQT	dfttvd!¢ivhQxBkraba9TSo9h0_3
6iVkrh1gQxQOQivttx0k!a9Oµ ivi<kyQd!¢hQOQivttxBk!apO 6iiviVkrh gQxQOQivtvtx0k!a9O£dltvtd!¢TSyD^kyQd!¢hQOQivttxBkra9O
6iiviVklh1gQxBOQitvtxBkra9O dltvtd!¢TSyD^£kx0TSTo.,¾apd , x0TSTo>TSyQlTl iv5<kx0TSTo.,¾apd , x0TSTo<TSy`fTdfttvd!¢TSyD^
ky`d!¢hQOQivtt&xBk!apO.dlo	klh£gQxQOQivtvt&xBkra9Odfttvd!¢&T@yD^kx3TTSo,Àa9d,Àx3TTSo	TSyQlTl¢OQijcmO£ij_dfttvd!¢&T@y
D^kyQd!¢hQOQivttxBkra9OY§TVhQdla9ijceTVa9OBkraYk%y`d!¢hQOQivtvtxBkra9Oiv_Yk_9T 2gQTShBceTVdr;T@y`lT@_#apOBk!aYkropTTSi¦apOQTo
xBo9d!Dijy`To.,¾apd , cegB_ba9dfR>To#dfoY_9ivQtivhQ,¾apd , _bivQtvihQTSyQlTS_Skrh0yklhgQxBOQitvtuxBkra9Oiv_k_9T 2gQTh0ceT<a9OBkra	kropT
TSi¦apOQTo#cgB_ba9dlR>TSo,Àa9d,ÀxQopd!DivyQTo;dfo#_bivQtvihB ,Àa9d , _9iQtvivhQVT@y`lT@_
NOQTSioBkf_bijc¡kltfdlopi¦apOQRHldDTS_ua9OQopdlgBlOapOQTY \x0k!a9O%drµT@klcmOopdlgQa9ivhQ	amkrQtvTTSha9op^l  a©0hByQ_&a9OQT
OBifOQTS_ba	y`Tfo9TST< ¨\klhBytTap_YapOQT \0T>apOQT>a9dfxxBo9d!Dijy`ToYdr&a9OQT ¨\xBk!apO#YhQd!¢ihBapOQT>a9dfx
xBo9d!Dijy`To@BapOQTkrg`apOQdlom_¨_9kÂ^JapOBk!acedfhB_bT@ceg`apifT< ¨\ x0krivop_dlha9OQT>tvTe adruapOQT<a9dfxxQopd!Divy`TSoO0kÂlTVk
cgB_ba9dlR>TSo,Àa9d,ÀxQopd!DivyQTodfo_9ivQtivhQ,¾apd , _bivQtvihQ¨opTtjk!a9ivdlh0_bOQivxrklhByVcdlhB_9TScg`a9ivlT \VxBkliom_"dlha9OQTopifOa
dla9OQT¡a9dfxxQo9d!Dijy`To;OBkÂlT¡k	xQo9d!Dijy`To.,Àa9d , ceg0_sapdlR>To.dfo&_9iQtvivhQ ,Àa9d, _9iBtivhQopTtjk!a9ivdlh0_bOQivx.XJdlopTd!fTo@
k>x3TTSo,Àa9d,Àx3TTSo#TSyQlT	cklhJ0T	dfhQtv^%3Teas¢TTSh k<a9dlxxBo9d!Dijy`To#klhBydlhQT	dl.i¦am_hQTivlOD3dlopihB \DT@_#ivh
klh \xBk!apO¨NODgB_S,krh ¨\xBklio g &f g0OBkf_3 6i¡k_9iBtivhQ ,Àa9d, _9ivQtivhQopTtjk!apidfhB_9OQixi;krh0ydlhQtv^
ia9OBTxBkrivoxBo9d!Dijy`TS_YapopklhB_9i¦aV_9TopDivcTS_YdfoT@klcmOdrapOQTo@!ivikxQopd!ijy`TSo,Àa9d, cgB_sapdlR>To#¾cegB_ba9dfR<TSo,
apd , xQopd!ijy`TSoopTtjk!apidfhB_9OQixi¦krhBydlhQtv^Ji¦g & 6g0
¡xQopd!Divy`T@_#apopklhB_9i¦a_bTSo9DijceT@_#dfog0 g-&?¼ 6iivik
x3TTSo,Àa9d,Àx3TTSoopTtjk!apidfhB_9OQixi¦dlhQT> \dr&a9OQT>xBklio¨iv_ka9dfxxQopd!DivyQTo@0apOQT>xBkrivoy`dhQdraYOBkÂlT>krhD^
opTtjk!apidfhB_9OQixkrR>dlhBVapOQTY©Bom_saas¢dckl_9TS_S`krhBy%apOQTxBkrivoOBkf_k<cdlR>xBklopklQtTYy`TSlopTTS_S
*_bivhQ<a9OQij_krtvldfo9ia9OBRapOQTkrg`apOQdloivh`Tom_&a9OBkraR>dfo9Ta9OBklh   #    dra9OQTcdlhQhQT@c¼apTSy \xBkrivop_
O0kÂlTcgB_ba9dlR>TSo,Àa9d,ÀxQopd!DivyQTo.opTtjk!a9ivdlh0_bOQivxB_S`krhBytT@_9_;a9OBklh  #    drapOQTcedlhBhQTScea9TSy \xBkrivop_&OBkÂfT
_9ivQtivhQ,¾apd , _bivQtvihQo9TStvkra9ivdlhB_9OQivxB_SÂklhByVtT@_9_a9O0krh    dr0a9OQTcdlhQhQT@c¼apTSy ¨\	x0krivop_"OBkÂfT;x3TTo.,Àa9d , x3TTo
opTtjk!apidfhB_9OQix0_
¥"ivhBkrtvt^f!¢&T;hQdrapivcTua9O0k!aR>dfhQi¦apdlopihB / 0Yn gQx3yBk!a9TR>TS_p_9kllT@_cklh0T&gB_bTgQtfa9d¡xBo9T@y`ivceaµhQTas¢&dfo9
6klitvgQopTS_¨dfo	o9T@klcea9ivlT>o9dfg`a9ivhQJivhd!fToptvkÂ^hBTeas¢dlopD_S  h  ~ Àµa9OQTklg`a9OBdlom__sapgBy`^a9OQTcdlopo9TStvkra9ivdlh
3Teas¢TTSh£apOQThQTeas¢dlop6krivtgBo9T@_<klhBy1a9OQT/10Yn opdlgQa9ivhQivhB_bapklQitvias^l NOQT^dfgQhBy a9OBkra>6krivtgQopTS_
klxQx3TSkropivhQ	ivha9OQT¨hQTas¢&dfo9>cedfo9T¡cdlopo9TStvkra9T3Tea9a9To¢ia9O /10Yn1ihB_bapklQivtias^<a9OBklh6krivtvgQo9T@_;klxQx0T@kropihB
ctd_bTa9dTShBy%OQdf_bap_S;WhJkÂfTomkrfTlrapOQT^%dlB_9ToplT@y>a9O0k!a#R>df_ba6krivtgQopTS_xBo9T@ceTSyQT /10Yn R>TS_p_9kllT@_;D^
kl0dfg`audfgQouR>ihDg`apTS_S. #tj_bd0ra9OBT^>dlB_9ToplT@y	apOBk!a&xBkl_p_bivlTdfB_9TopÂkra9ivdlhB_dl / 0Yn£o9dfg`a9ivhQR>TS_p_9kllT@_
cdlgQtjy>3T¡gB_9TSy>apdxQopTSyQivceakr3dlgQa !    dliR>x3ThBy`ivhQ6krivtgQopTS_SDkrtvtd!¢ivhQopT, o9dfg`a9ivhQ	kropdlgBhBy<6krgQtas^
x0k!a9O0_XJdrapi!k!apTSy¨D^¡apOQT.6kfc¼aapOBk!a#/10Yn5, }¡y`Ta9T@c¼ap_krhBy¨opTScd!lTom_0o9dfR4k6klgQtaivh	_bTSlTomkrt!R>ivhDg`a9T@_
w#W 4 6wT@_bivtviTShfaWfToptvkÂ^ 4#Tas¢&dfo9 ¸-µiv_Bkf_bT@ydfhVkfc¼a9ivlTxQopdlQivhQdlo.dfg`apkllT&yQTea9T@c¼apidfh"w#W 4 _
opdlgQa9ivhQR>TScmO0krhQij_bR 6dlh apdlxdr  nij_¨klQtvT	a9dJy`Ta9TSceaSopTScd!lTo@0klhBy opdlgQa9TVklo9dfgQhByapOQT<6krivtgQopTS_
¾klcScedlomy`ivhQVa9dkrxQxBtijckra9ivdlh6, _bx3TSci¦©0TSy%o9dfg`a9ivhQ<R<Ta9opivcS_;ivhJtT@_9_apOBkrh%as¢Thas^_9TScedfhByQ_dfhkÂfTomkrlTf
      Q@$ «    ¯ Q  «    
/T@_bijy`TS_SrapOQTklg`a9OBdlom_.dlgBhBy>a9O0k!a;dfo9¢kromy`ivhQxBkfcmlTeam_.Divkk!a&R>d_sa;dfhQT#ivha9TopR>TSy`ijk!apTw#W 4GhQd`y`T
ij__9g`¤ceivThaa9d>d!lTSopcdlR>T6krgQtap_klhByiR>xQopd!lT¨x0TSobdfo9RklhBceT¨ihJR>df_ba#ckf_bT@_
                SÂ £
XdlhQia9dfo9ivhQ£N¡Un cdlhQhBTSc¼apidfhB_ij_%iR>x3dlo9apkrhaopdlR y`i,TopTha_bapklhBy`x3dlivhfam_3 6icmOBkromklcea9TopiivhQ
apOQTTShBy ,Àa9d,ÀTShByx0TSobdfo9RklhBceTx3TomceTSifTSyD^cetviTShap_S 6iiVcedlopopTtjk!a9ivhQa9OBT%3TOBkÂDivdlo	dl¡y`i3TSo9TShfa
N¡Un cedfhQhQTScea9ivdlhB_Sa9dVivy`TSha9i^cedfR<R>dfhxBk!a9a9TSo9hB_SD¢OQijcmORkÂ^>lgQijy`Ta9dVctg0_sapTopiSTxQopTe©1DT@_ ivivi
ijy`TShfapi¦^DivhQapOQTV ¨\`_¡a9OBkracedfhfapo9ivQg`apTV_9ifhQi©0cklhfapt^a9dcedlhBhQTScea9ivdlhtvdf_p_3krhByJapODgB_yQo9ivDihQyQd!¢h
cdlhQhBTSc¼apidfhapOQopdlgQfOQxQg`a@
XklhD^%R>TSkf_bgBo9TSR<TSha_sapgBy`ivTS_OBkÂlTivh`TSo9opTSyJapOQTVcmO0kromklc¼apTopiv_ba9ijc_dl;N¡Un cedfhQhQT@c¼a9ivdlh0_#ivha9OQT
 hapTophQTea.apOQo9dfgQlO<xBkf_9_9ifTR<T@kl_9gQopTS_S  h  ~  rapOQT#krg`apOQdlom_ivh`Tom_.xBkf_9_9ifTtv^a9OBT#cmOBkromklcea9Topij_sapivcS_dl
k>N¡UnGcdlhQhQT@c¼apidfh%D^T@_sapiRkra9ivhQ>i¦am_#krflopTfkra9TxQo9dfx0TSobapiT@_ Tf 0B_9iTl0y`gQomk!a9ivdlhµDa9OQopdlgQfOQxQg`a)¼
 h  }f Àla9OQTkrg`apOQdlom_.R>dlhQia9dfo;N¡Un£cdlhQhQT@c¼apidfhB_.xBkf_9_9ifTtv^krh0yy`TfTtvdlx>OQTgBo9ij_sapivcS_.apOBk!a&klo9Tg0_bT@y
apdcetjkl_p_9i¦^cedlhBhQTScea9ivdlhB_Vklccdlomy`ivhQa9d apOQT6kfc¼a9dfo?¾_;Ya9OBkrativR>i¦aVa9OQTSioVa9OBo9dfgQlOQxBg`aS  h ¸rBp ( À
apOQT	krgQa9OQdfop_cedfhB_9ivy`TSo9T@yapOQTxQopdlQtvTR dl"T@_sapiRkra9ivhQ<a9OQT	wNN dlk>cdlhQhQT@c¼apidfhapOQo9dfgQlO%xBkl_p_9ifT
R>T@kl_9gQo9TSR>Thap_S¡NOQT@_bTV¢&dfo9`_#cdlR>xQg`apTVdfhQTwNN _pkrR>xQtvT	x0TSoN¡Un cedfhQhQTScea9ivdlh3Tia9OBToYy`gQopihQ
apOQTYa9opivxQtT ,ÀO0krhByQ_9OBkllT¨dloy`gQopihBVapOQT	_9td!¢ , _samkro9axBOBkl_9Tl
 h '&@ lapOQTklg`a9OQdfop_;xQopdlx3df_9T¡k	xBkf_9_9ivlT#R>TSkf_bgBo9TSR<TSha;R>Tea9OBdDyQdltvdll^Va9dVihQTokrhByfTTSxa9omklcm
dla9OQT!krtvgQTS_dras¢diR>x3dlo9apkrha<Âklo9ijkrBtT@_	kl_p_bd`civkra9TSy¢ia9O k N¡Un cedfhQhQT@c¼a9ivdlh VapOQT%_9Th0y`To _
cdlhQfTS_ba9ivdlhJ¢ivhBy`d!¢ 6c¢hBy¡krhByJapOQTVcdlhQhBTSc¼apidfh opdlgQhByapo9ivxapiR>T 6wNN ¼ YhQd!¢ivhQa9OBTS_9T	as¢d
!kltgQT@_µR>klhD^ iR>x3dlo9apklhfa	cmOBklopkfc¼apTopiv_ba9ijc_dr&a9OQT_9ThByQTo@o9T@ceTSifTo@krhBya9OQThBTeas¢dlopxBk!apOapOBk!a
cdlhQhBTSc¼am_Ya9OBTR ckrh3Ty`Ta9TopR>ihBTSyJ¥Qdfo	T1QkrR>xQtvTlD^cedfR>xBkropihBJc¢hBy¢ia9Oa9OBTkrR>dlgBhfa	dl
yBk!apkkfc¼apgBkrtvt^_bTShaSµdfhQTcklh£y`TeapTopR>ihQT¢OBTh£kN¡UnzcedfhQhQT@c¼a9ivdlhij_	_bapkroplT@y dfokrxBxQtijckra9ivdlh6,
tvTfTtyQk!amk 6i¾ TlvuapOBk!a<a9OQTJcedfhQhQT@c¼a9ivdlh cedlgBtvy1OBkÂlTk OQivlOQTSoapopklhB_bTo<opkra9Tl.iR>dfo9TyQk!amk ¢TopT
kÂ!klitjkrQtvT? &D^dfB_bTSo9DivhQ apOQTR>klhQhQTSo<ivh ¢OQivcmO ce¢hBy cmOBklhQlT@_ivh opTS_9x3dlhB_9Tapdtvdf_p_;dlhQTJcklh
ijy`TShfapi¦^%a9OBT	xBkro9a9ijcegBtvklo 0kÂldfodruN¡Un Tf 03NklOQdDTlBw#ThQd0+4#TS¢zwThQd 3D^R>dlhQia9dfo9ivhQwNN"_
dfhQT	cklhcmOBkromklcea9TopiTYw"NN4!kropijkrQivtias^¢ia9OQivh krh0ykrR>dlhQ Bd!¢#_SBklhByJy`TeapTopR<ivhQTapOQT	T 1apThaa9d
¢OBivcmOklxQxQtvivcSk!apidfh6,ÀtvTfTtBkfyQkrxQa9ivias^<iv_&hQTT@y`TSy<apdVcdlx3T¡¢ia9O!kropijkrQtvT#hQTas¢&dfo9<y`TtjkÂ^`_NOQT¡g0_bT@y
x0kl_p_bivlTVR<T@kl_9gQopTR>Tha¨cdlhB_9ij_sam_¡dl&dl0_bTSo9DivhQN¡Un4_bTSlR>Thap_xBkf_9_9ihBapOQo9dfgQlOkR>TSkf_bgBo9TSR<TSha
x3dlivhaS
NOQTkrg`apOQdlom_.ivh`Tok_bTShBy`To _ucedfhQlT@_sapidfh<¢ivhBy`d!¢ Bkf_bT@yVdfh>a9OQT¡dlB_9ToplT@yopTScTivlTo.,Àa9d , _9ThBy`TSo
 ¡U _Sl¢OBivcmO 6i¦opTScTivlTSykraua9OBT_9ThBy`TSo.¢&dfgQtvy>cSkrgB_9Ta9OBT_9ThBy`TSo.a9d<cmOBkrhBlT#_bapk!apTlNµomkrh0_bia9ivdlhB_
klo9Tkltv_9dcklgB_bT@y^y`TeapTScea9ivhQk<a9ivR>Tdfg`a¡TfTha¡k!aapOQT_9ThByQTo@&NOQT@_bTapiR>TSdlg`am_#kropTRkrhQiTS_ba9T@y
ivhGapOQTdfo9R dlgQa, dr , _bT2fgBThBcT_bTShBy`TSo,Àa9d,ÀopTScTivlToopTeapopklhB_9R<ij_p_bivdlhB_S¢OQijcmO kropTy`Ta9TScea9T@yGgB_9ihQ
    ,  

apOQT<xBkl_p_bivlTR<T@kl_9gQopTR>Tha#apTScmOQhQi 2gQTS_opdlR  &   /&gQaS3a9OQTVa9OBo9TST 0kÂfdlom_dr;N¡Un*cklhopTS_9x0dfhBy
yQi ,TopTha9tv^ a9d tvdf_p_%TSlTShfam_ Nd ivy`TSha9i^ a9OQT_9ThBy`TSo  _ 0kÂldfoSapOQT^ klo9TBkf_bT@yGdlh a9OQT@_bTas¢d
OD^Dx3dra9OBTS_9iv_" 6i<kN¡Un _9ThByQTocklh1hQTSlTo>OBkÂfTR>dlopTdlg`am_samkrhBy`ivhQgQhBkfcmhBd!¢tT@y`lT@yxBklcmfTeap_
apOBkrhiap_YgB_pkrQtvT<¢ihByQd!¢ _biTf iviYk_9ThBy`TSo  _¨gB_pkrQtvTV¢ivhBy`d!¢ _biT<ij_¨a9OQT_9R>klttvToYdl&ce¢hBykrh0y
apOQT ¢ivhBy`d!¢ kly`fTo9a9ij_bT@y1D^1a9OQT opTScTivlTSoS ¥BdloTSlTSo9^ yQk!amkxBklcmfTea_bTShaD^£a9OBT_bTShBy`TSoSa9OBT^
cmOBTScm¢OQTeapOQToVa9OQij_VxBklcmfTeaij_Vklttvd!¢TSyD^apOQTJcegQopo9TShaTS_ba9ivRk!a9T%dr¡c¢hBydloVTSkfcmOxBkro9a9ijcegQtjkro
3kÂldlo@#0¨ivlTSh>k 0kÂfdlo@!i¦,apOQTxBklcmfTea.ij_.hQdra;klttvd!¢TSy!apOQTh<apOQT#dl0_bTSo9fTSyyBk!apkYx0klcmlTap_"opTxQopTS_9Thap_
k£ivdltjk!apidfh ¢OQivcmO iv_%ko9T@_sapo9ijc¼apTSy TSlTha@ /&^ RkrivhapkrivhQivhQ1k£cdlgQhadla9OQThDgQR3To%dr	_bg0cmO
Divdltjk!apidfhB_YdloTSklcmOdla9OQTcSkrhByQivyQkra9T 3kÂldlom_Sa9OBT_bTShBy`TSo 0kÂfdloij_	ivh`Topo9T@ya9d 3TapOBk!a 0kÂldfo
¢ia9OapOQTR>ihBiRVgQR hDgQRV0TSo	drDidftvkra9ivdlhB_Sµkrh0ykrakrhD^apiR>Ty`gBo9ivhQa9OQTtviTdrkJcedlhBhQTScea9ivdlh
apOQT	_9ThBy`TSo  _cedfhQlT@_sapidfh%¢ivhBy`d!¢*iv_apOQT!krtvgQTdrce¢hByJkl_T@_sapiRkra9TSydloapOQij_ 0kÂldfoS
NOQT0kl_9ivc¨ijy`TSk>3TOQivhBy%a9OBTivo¡wNN T@_sapiRk!apidfhapTScmOQhBi 2gQTij_ivttvgB_ba9omk!a9T@yivh¥"ifgQo9T	lQ;\DivhBceT
apOQT^ kropT%hQdlakrQtvTapdy`iopTScea9tv^R>TSkl_9gQopTapOQT_bTShBy`TSo  _>w"NN±_9klR>xQtT_9OQd!¢h1ivh a9OQTJtvTe adra9OQT
©0lgQopTl,apOQT^ihB_ba9T@klyR>TSkl_9gQopT
 ia9OQTopdlgQh0ya9opivxyQTtjkÂ^Jo9dfR[a9OQT>R>TSkf_bgBo9TSR<TSha¨x3dlivhaa9da9OQT
opTScTivlTSokrhBy£a9OQTSh1Bkfcmapd apOQT%R>T@kl_9gQo9TSR>Thax3dlivhfatjkr3TtvTSy y &ivh£apOQT©0lgQopT?eukrhBy 6iia9OQT
opdlgBhByapo9ivxy`TtjkÂ^3Teas¢TThapOQTR>TSkl_9gQopTR>Thax0dfiha@`a9OQT	_9Th0y`To#klhByBklcm>apd>a9OQTR>TSkf_bgBo9TSR<TSha
x3dlivha 6tvkl0TStT@y%y0	ivhapOQT¨©BlgBo9T=¼.NOQTY_bgQR dlµapOQTS_9T¡as¢d>y`TtjkÂ^`_   	  ! iv_&apOQTivow"NN TS_ba9ivRk!a9T
kf__bOBd!¢hivh%apOQTY©BfgQo9Tf
¥"ivlgQopT	r.wNN*TS_ba9ivR>kra9ivdlh%a9T@cmOQhQi 2fgBT
   ¯  	8 µ ¯  -
NOQT¨RkrivhopTS_9gQtap_ih0cegQopo9T@y>opdlR a9OQij_¢dlop<klo9T 6i;a9OBT¨_9ThByQToa9OQopdlgBlOQxQgQa&ij_&dl a9TShtviR>ia9TSy
D^ tvkfcm1dr	yQkrapkapd£_bTShaSomk!a9OBToapOBkrhGD^1hBTeas¢dlop cedfhQlT@_sapidfh iviih apOQT TS¢ cSkl_9TS_¢OBTopT
N¡Un 0kÂfdloij_y`iv_ba9ivhQfgQiv_9OBklQtTfQia¡krxQx3TSklop_&a9O0k!a 4#TS¢#wThBdiv_apOQTy`dfR<ivhBklhfa#cdlhQfTS_ba9ivdlh%cdlha9opdlt
kltfdlopi¦apOQRiR>xQtvTR>ThapTSy ivivicedfhQhQTScea9ivdlhB_y`dhBdrafThQTSopklttv^T 1`x0TSo9ivThBcTtjkroplT	wNN !kropivkra9ivdlhB_
ivh apOQTivoYtiTeapiR>Tf	NOQTVomk!apid%0Tas¢&TSTha9OQT>f|!a9OklhBy|!a9Ox3TomceTSha9ivtTVdruapOQT<wNNzij_¨tT@_9_¡a9O0krh~
dfo#krxQxBo9d 1`ivR>kra9TSt^        dra9OQT	cdlhQhBTSc¼apidfhB_S
   %$S e
 hQTopo9ivhQ£apOQTa9dfx0dftdfl^ dr	apOQT  ha9TophQTaij_Jk1¢ijy`To9T@_bT@kromcmO y`dlRkrivh ¢OBivcmO*iv_drVxBkro9a9ijcegQtjkro
ivha9TSo9T@_saVdlo<hQTeas¢dlopdfx0TSopkra9dfop_VkrhBy1gB_bTSop_S  a<ij_<hQTScTS_p_9klo9^dlo>cedfhfapo9dfttvivhQa9OBT%hQTas¢&dfo9krh0y
dfo0TabapToapgQhQivhQdr¨i¦am_xQopdra9d`cdltj_<klhBy krxQxBtijckra9ivdlhB_SGNOQTopTedfo9Tf;¢TxBo9T@_bTShfaivh a9OQij_opTx3dlo9a
apOQT>_samk!a9T ,Àdl ,¾apOQT, kro9adl  ha9TSo9hQTa¡apdlx3dltvdll^Jivh`TopTh0ceTl§T>d!lTSo9DivT¢4a9OQT<T1`ij_sapihB%R>TSkf_bgBo9TSR<TSha
apdDdltj_ Tf 03apopkfceTopdlgQa9Tl0apcx3yQgQR>x¡klhByJapOQTh¢&T<_sapgBy`^a9OQT>_pcmOQTR>TS_¡¢OQijcmOgB_9T	apOQTS_9T	apddftv_#dlo
xBo9d!Dijy`ihB¡hQTas¢&dfo9¨a9dfx0dftdfl^Yivh`dlopRk!a9ivdlh0_§TkropT;ivha9TSo9T@_sapTSy	D^YapOQT_9cmOQTSR>TS_a9OBkra.ivy`TSha9i^a9OQT
cdlhQhBTSc¼apiDias^V3Teas¢TTSh%cTo9apkrivhhQTas¢&dfo9<Tha9ia9ivTS_Tf 0Dopdlg`apTom_fd!lTSo9tjkÂ^	hQd`y`T@_;&krtvdlhQ¢i¦apOa9OQd_bT
apOBk!acmOBklopkfc¼a9TSo9iT>apOQTJx0TSobdfo9RklhBceTdfh£apOQT%x0k!a9O0_<klR>dlhQapOQThQTeas¢dlopTha9ia9ivTS_S§TJcetjkl_p_9i¦^
apOQTS_9T¢dlopD_ivha9d>as¢dR>klihcSk!a9TSldfo9ivTS_¢OQijcmOkropTYkltijkl_9TSy%D^%kfc¼a9ivlTklhByxBkl_p_bivlTf.§GOQivtTkfc¼apifT
klxQxQopdfkfcmOQTS_!6Tl Bvwd`cmfTeabgBTt% ~f|uihQTo&k	hQTeas¢dlopapdlx3dltvdlf^	a9OBo9dfgQlOkfc¼a9ivlTR>T@kl_9gQo9T@_fxBkl_p_9ifT
klxQxQopdfkfcmOQTS_Tf 0 0Ykrd  &@¨g0_bT>dfo	ihQTopo9ivhQJa9OBT>a9dlx3dltvdlf^xBkf_9_9ivlT>R>dlhQia9dfo9ivhQJdrhQTas¢&dfo9  _
apopkr¤c¨klhBya9OQTopdlg`apihBVamkrQtvTS_kf_¢&TSttÀ
¡d!¢&TSlTo@l_ba9ivttQa9OQT¡cdlha9ivhDgQdlg0_.Tfdltvg`a9ivdlh<dr,a9OBT  ha9TophQTa;krhBy<iap_;yQiv_ba9opiBg`a9T@ykly`R>ivhQiv_ba9omk!apidfh
RkllT	apOQT>ihQTopThBcTVdl;i¦am_a9dlx3dltvdlf^JR<dfo9T>krh0y R>dlopTVcdlR>xQtvT1XJdlopTd!fTo@BapOQT<TR>ToplivhQ  nu (
ctdfgByQ_>ivh a9OQT  hapTophQTeay`dDT@_hQdra_9ivR<xBti^£apOQTapkf_b1Qg`a¢TJ¢itvt¡OBkÂfTkR>d_9klivcivh apOQT hQTS¢
OD^DQopivy  n4apdlx3dltvdll^   n.D}    n. (eJWhBcT>a9OQTapopklhB_9i¦apidfhopdlR  n.D}a9d  n. (Jij_cdlR>xQtvTea9T@y i
apOQij_OBkrxQx3Th0_;e`dlgQoxQopdlQtvTR 3TScdlR>TS_R>dlopT_9ivR<xBtT_9ihBcT¡apOQT  n. (>klyQy`opTS_p__9cmOQTSR>Tij_kl_p_bivlhQT@y
ivhk<OQiTSopklopcmOBivcSkrt3¢kÂ^f
    1  	    

  !"#$1
'&  u #fTtvtvkB;\,u\DTS_9OBkrhµ;krhBy1 	u\DOBkliDO£ ¡h1TR>xQivopivcSkrtT!krtvgBk!apidfh£dr¢ivy`T , klo9T@kivhfapTophQTea
3dra9a9tvThQT@cm`_3W¨cea9df0TSo¡rlf~Q
 Vf ¡hBy`TSop_9Th 	 /krtjkrDopiv_9OQhBklh!¥
klkf_bOQdDTS3rklhBy<wfXJdfo9opiv_SQwT@_bivtivThaud!fToptvkÂ^YhQTas¢&dfo9`_S
	 
  
 3Brf &l
 ~ V #h0y`Tom_bTSh 	 /krtjkrDopiv_9OQhBklh3¥ klkf_bOBdTS,3klhBy wXJdfo9opiv_SXJTSkf_bgQopivhQapOQTVT33T@c¼am_dl
ivha9TSo9hQTa#xBk!apO6krgQtap_dfhopTSkfc¼apifTopdlg`apihBB   "  ¼0lll~B
 }V #hBy`TSop_9Thµ4¥QT@krR_ba9To@.\,#/krgBTo@krh0y 	#/kltvklopij_bOQh0krhNdlx3dltvdlf^ivh`TopTh0ceT>opdlR
BlxJo9dfg`a9ivhQy`^DhBklR<ijc_S 	 
 	  	$% 
	     	  
   	33llfQ
 |w	`UklobapTo;klhByXQU&o9d!fTtvtvkB0^h0krR>ivc¡_bTSo9fTo;_9TtvTScea9ivdlhgB_9ihB	Bkrh0y`¢ivy`a9OxQopdlQivhQ	ivh¢ijy`T,
klo9T@khBTeas¢dlopD_S	  	!



	
	 	 #   !,XkromcmO &@l (B
 ( w	uUklobapTo<krhBy X;U&o9d!fTtvtvkB\DToplTSoV_9TtvTScea9ivdlh£gB_9ivhQy`^DhBklR>ivcxBk!apO cmOBklopkfc¼a9TSo9iSkra9ivdlhivh
¢ijy`T , klo9T@khQTas¢&dfo9`_S 	  % 	
<B #xBo9ivt &Sf`
 B3Ukf_bTfBXB¥QT@y`dlo@BX0\`OQd _samkrtvt¾QklhByQQ¨kÂDihµ;\DiR>xQtvThQTas¢&dfo9RklhBkrfTR>ThaxQo9dla9d`cedft¾
  !!"! XkÂ^&@llB
   >,U&tvk 3^fQNY0XJdlhB3QklhByJ3XcwdfQ  ha9TSo9hQTaa9dfR<dflomkrxQOD^f
 	$#   %fkrhDgBkrop^ &SflQ
  Uud!Do9dftij_Sn"uw#klRkrhBkra9OBklhukrhBy uXJdDdfo9Tf§GO0k!ay`dx0klcmlTa<y`ij_9x0TSop_9idfha9T@cmOQhQi 2gQTS_
R>T@kl_9gQo9T'&TS_ba9ivRk!a9ivdlhµ() 	  % 	
<3ll &f
 &S *0¥QTSi¾3\,/k!a9apkfcmOBkro¾qsTTf%&+*3TSlgQomkQQklhByXB ¡R<RkloS zhQd!lTSt_bTSo9fTo_9TtvTSc¼apidfha9TScmOBhQi 2gQT
dfoiR>xQopd!DihBVapOQTopTS_9x0dfhB_bTa9ivR>Tdr.k<o9TSxQtijckra9T@y%_9TopDivcTl,( 	  % 	
<0XklopcmO &Sf B
 & & Yn"D¥QomkrhBciv_S`\,-fkrR>ivh +;.*3O0krhQ0V 0¨op^DhQiTS¢ivc3lDkrhBy  <.livh #hklopcmOQia9T@c¼apgQo9Tdfo&kftdfBkrt
ivha9TSo9hQTa#OQdf_ba#y`ij_samkrhBcT¨T@_sapiRkra9ivdlh_bTSo9DijceTf) 	  % 	
< &SflQ
 &@ +; 0YkldBWhihQTopo9ivhQklg`a9dfhQdlR>dlg0_u_b^`_ba9TSR opTtjk!apidfhB_bOBixB_uihapOQT#ivha9TophQTaS  
	   %
	  
	
# %&
  	 l0TScTRV0TSo¡rl &l
 &S~ Yw	 0¨d!DivhByQklh1krhBy 	.NklhQlRVgQhBklo9gQhBiaS#TgBo9ij_sapivcS_	dfoVivha9TSo9hQTa<Rklx1y`ij_9cd!lTop^l/(
 	  % 	
<3rflB
  1       
  
 &} B 0¨gB^fapdlh klhBy X\QcmO¢kro9a/f +µdDcSk!apihQhBTSkropD^ cdlxQivTS_dlo9TSxQtijckra9T@y ivha9TSo9hQTa%_9ToplTom_S
   	 <0 ¡gQlgB_ba &Sff|`
 &@|\ ¡dra/f#wdlgQa9ivhQivh`dlopRk!a9ivdlhdfo9krhQiSkra9ivdlh%¢i¦apO OQTeapTopdlfTdlg0_xBk!apOo9T2gQiopTR>TShfam_      
    ¼-&Sfr}0
 &(  4 #gJkrhBy%n"B\a9TSThQDij_sapTl &uÂkltg0k!a9ivdlhkrhBy%cmOBkromklcea9TSo9iSkra9ivdlhdr"kÂÂklitjkrBtTBkrhByQ¢ivyDapOapTScmO6,
hBi 2gQT@_& 	 "Bllf~Q
 &X lklih4krhBy Ud!Do9dftij_SHnkra9OQtvdfkfy    R>TSkl_9gQopTR>Thaa9dDdlt¨dfoTShBy ,Àa9d,ÀTShBy kÂ!krivtvklQtvT
0krhBy`¢ijyDapO  	 BXklopcmOrffQ
 &  \ fkrij_b¢krtÀ10<  klhQhBklcScedfhQTl#U&idlaSBYgBo9d_bTfklhByGNd!¢#_btvT^f XJT@kl_9gQopTR>Thakrh0y
ctvkf_9_9i©0ckra9ivdlhdl"dfg`a, dr , _9T 2gQTh0ceT¨xBklcmfTeap_ivhkapiTSo, &YixJBkfcmD0dfhQTl(  	  % 	V0llf~Q
 &S \-fkrij_b¢krtÀ 0<  klhQhBkfccedfhQTlfU¡ivdra@.B
YgQopdf_9TlfkrhBy>VfNd!¢#_btvT^f  h`TSo9opihBYapcexcdlhQhBTSc¼apidfh
cmO0kromklc¼apTopiv_ba9ijc_&apOQo9dfgQlO%xBkl_p_9ifT¨R>T@kl_9gQo9TSR>Thap_S 	  % 	
<0rfr}0
¸r  %rijkrhBVkrh0y%U`¡d!Dopdltviv_Sµnkl_p_bivlT¡TS_ba9ivR>kra9ivdlh%dramcexopdlgBhBy ,Àa9opixapiR>T@_ 	  	 ! ¾
lgQtv^ll &f
¸ & \?kraba9iÀ!=k!amkrQiÀrU/tjkrlTf&#?dlOQtvTo@ÂkrhByB@\apopklgB_p_l 1xBkl_p_9ifTa9dDdltvDi¦adfoµR>TSkf_bgBo9ivhQB
apopkfcmDihQ0`krhByJcedfo9opTtjk!apihBxBkra9OcmOBkromklcea9TSo9ij_sapivcS_  	  '    
	00rfr}B
¸l > +µklikrh0y X /krfTo@ 4¡TeabapiR>TSo"  apddft#dfoR>TSkl_9gQopihB0dlaba9tvThBTScm tivhQ BkrhByQ¢ivyDapO
  	 l3rl &l
¸r~  +µiRJ B #dfgBkrh0yU0U&OBdliÀU&dlhB_ba9opgBcea9ivhQVivha9TSo9hQTa¡cedDdlomy`ivhBk!apT_b^`_ba9TR Bkl_9TSy%dlhy`TStvkÂ^
R>T@kl_9gQo9TSR>ThaS 	 
   ,W¨c¼apdl3To¡lll~B
¸!}Yw	¡XkrOBkrqbkrh 4	#\DxQopivhQB¨§TeapOQTomkrtvt¾Ykrh0y NY #hByQTom_bdfh *¡_9ToJtvTlTStYiha9TSo9hBTeaJxBk!apO
yQivkllhQd_bij_ 	 
  
   0W¨c¼a9df0TSo#rlf~Q
¸l|XX krtvtiÀµU!/kromkr!kraS,krhBy§z¨krQ3dlg0_Y #hTe¤ceivTha¨klxQxQopdfkfcmOJdlocdlha9TSha¨y`TStivlTSo9^Jivh
d!fToptvkÂ^>hQTas¢&dfo9`_S   # "3rl|`
¸ (  0Xklobapih0 	0Xc0¨o9TSldfoSDkrhByB0U&tT@krop^l. #h0krtv^D_9ij_drivha9TSo9hQTa¡y`TtjkÂ^>a9ivR>TS_S  	 0lllB
¸  /¨BXJTStvklhBy`TSoSQX /qsdlopDR>klhDkrhByn" 0¨gQhQhQivhQl3TopB" 4hQT¢ TShBy ,Àa9d,ÀTShByxQopdlBihQ<krhBy%krhBklt-,
^`_9iv_R>Ta9OQd`y%dloT@_sapiRk!apihBBkrhByQ¢ivyDapOJ0dlaba9tvThBTScm`_* &  	  	$% 
  
	 <0lllB
!   1  	    

¸  \3XJdDdlhklhByJNYBwdf_pcedDTf&XJTeamklyQkrapk<RkrhBkllTSR<TShadlapTomkrD^a9T	yQkrapkf_bTap_opdlR±klhJixJBkfcm	,
3dlhBThQTeas¢dlop  &51`x3TopiTShBceTklhBycmOBkrtvtvThQfTS_S  
   	 
	 # %&
   $    $
	 
     	 ¾0ll &l
¸r  &# 4¡ klhBy 	 *3O0krhQ0 n.opTSy`ijc¼apihQ ihapTophQTeahQTeas¢dlop yQiv_bapklhBceT¢i¦apO cedDdlomy`ivhBk!apTS_,À0kl_9TSy
klxQxQopdfkfcmOQTS_S  	  % 	
<3rffQ
 ~l \w#kra9hBkf_9klR^l"n""¥BopklhBceij_X krhByQt^f"w kropxklhBy£\,\DOQThBlTo@%  _9cSkrtjkrQtvTcedfhfapTha,
kfyQy`opTS_p_9klQtvThQTas¢&dfo9,    	
 V0 #gQfgB_sa¡ll &f
 ~ & \3w#kra9hBkf_9klR^f0X ¡krh0y`t^f0w kropxBklhBy \,\DOQTShQlTSoSNdlx3dltvdllijcklttv^ , kÂ¢kropT#d!fToptvkÂ^cdlh6,
_ba9opgBcea9ivdlhkrhBy_9ToplTo_9TtvTScea9ivdlh() 	  %  VrgQhBTll`
 ~f  <BwTSOapTo#krh0yNY +µi¾u  3dlomy`TSofk!apT¢kÂ^>xQo9dla9d`cedft,}B   ! ! 3X kromcmO &Sff|Q
 ~l~  Vwiv3Tivo9d0XU&dfk!apTS_Sw"wivTSy`iÀ\"\`klo9fdra9O0krRJµkrh0yw	#/kromkrhQivgQ,XJgQta9iomklc¼amkrt;co9d_9_
apopkr¤cT@_sapiRkra9ivdlh-0\`Tx`apTR3To¨rlfQ
 ~r} Vwi3TivopdBwwivTSy`iÀkrhByw /klopklhQivgQ,¡xBkra9OBcmOQivopx  &¤ceivThakÂ!krivtvklQtTBkrhByQ¢ivyDapOT@_sapi-,
Rkra9ivdlhdlohQTas¢&dfo9x0k!a9O0_ 	 0llf~Q
 ~f| 4"\DxBo9ivhQB"w"X krOBkrqbkrh"krhByV§Ta9OQTSopklttÀXTSkl_9gQopihBij_9xapdlx3dltvdlfiT@_Y¢i¦apOo9d`cmlTabgQTSt¾
   	 <0 ¡gQlgB_ba¡rff`
 ~ (  BB\apopklgB_9_S`krapklQi¾`klhBy%¥kfkl_9OQdDT, 4R>TSkf_bgQopTR>TShfa_sapgBy`^dl"kÂ!krivtjkrQtvT0krhBy`¢ijyDapO
T@_sapiRkra9ivdlha9dDdltj_S, "3rlf~Q
 ~ "N"krhBlRgBhBkropgQhQDiaS.w0¨d!DijyQkrhµ.\fkrR>ivhu\,\`OQThQfTo@"klhBy§z"§GitvtvihQfTo@ 4#Tas¢&dfo9
apdlx3dltvdlfiT@_x3d!¢ToYtvkÂ¢#_YklhByOBiTSopklopcmOD^l     	 
  

  	 #      $     	) 
 
 % 	 r,ll &f
 ~   >0NOQdlR>xB_9dlh 0<3XJitvtvTo@BkrhByJwB§Gitjy`To@.§Gijy`T, kropTSk<ivhfapTophQTeaapopkr¤cYx0k!abapTophB_krh0y%cmOBklo,
kfc¼apTopiv_ba9ijc_S(#  & % 	$e04#d!fTR3To &@l`
 ~l  &# *3TfgQopkB >¸UkltfTo9aSukrh0y1\, /OBk!a9apkfcmOBkro¾qsTTf ¡d!¢Ha9dR<d`y`TStkrh£ivha9TophQTas¢&dfo9, (
 	  % 	
<-&Sf (B
 }f   <%*3OBkrhBB +u /o9T@_btjkrg`nk1Q_9dlhDkrh0y%\,Q\DOQTShQlTSoSWha9OQTYcmOBklopkfc¼a9TSo9ij_ba9ijc_uklhBydfo9ivlivhB_udl
ivha9TSo9hQTa Bd!¢ omk!apTS_S 	      	
 <0rff`
 } &  lgQopT *3gQxBklh&U&tg0_sapTopihQ>dltjkroplTYyQk!amk<_9Team_ 
  	    
	  $	 ¼ &@ fQ
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
